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Abstract 
Antioxidants can effectively reduce the risk of cancers and cardiovascular 
diseases. Current studies on the antioxidant activity in plant food have been carried 
out extensively in fruits and vegetables. However, investigations on antioxidants 
derived from fungi, especially lesser-known cultivated edible mushrooms, are still 
relatively rare. Therefore, researches on their antioxidative properties are needed. 
The research in this thesis was divided into four parts. The first part was the 
screening of the antioxidant activity of 14 newly cultivated mushrooms. The 
antioxidant activity of the water and methanol crude extracts of these mushrooms 
were evaluated by the beta-carotene bleaching, 1,1 -diphenyl-2-picrylhydrazyl (DPPH) 
radical scavenging and erythrocyte hemolysis methods. Relatively higher antioxidant 
activity was found in Pleurotus eryngii var. ferulae (Pevf) and Agrocybe aegerita var. 
alhe {Ad), which were chosen to be further studied in part two. 
Ill part two, the methanol crude extracts of these two mushrooms were dissolved 
in water and fractionated sequentially by liquid-liquid extraction using organic 
solvents with increasing polarity to obtain the dichloromethane, ethyl acetate, butanol 
and water subfractions. The water crude extracts were fractionated into low molecular 
weight, low-density high molecular weight and high-density high molecular weight 
subfractions by ethanol precipitation. The hydroxyl radical scavenging activity, 
inhibition of lipid peroxidation of rat brain homogenate and 
2,2'-azinobis-(3-ethylbenzthiazoline-6-sulphonic) acid (ABTS.+) cation radical 
scavenging activity of these subfractions were evaluated. In general, it was found that 
the subfractions isolated from the methanol crude extracts showed relatively higher 
antioxidant activity than those from the water crude extracts. The ethyl acetate and 
butanol subfractions of Aa showed the most potent antioxidant activity in the 
inhibition of lipid peroxidation and ABTS.+ assays, which were positively correlated 
iii 
to their total phenolic content. This suggested that the higher antioxidant activity of 
the ethyl acetate and butanol subfractions of Aa was probably due to the presence of a 
higher level of phenolic antioxidants. 
In part three, the ethyl acetate and butanol subfractions of Aa were further 
fractionated using a Sephadex LH-20 column into four fractions: (AEFl, AEF2, 
AEF3, AEF4) and (ABFl, ABF2, ABF3, ABF4), respectively. The D P P H and 
ABTS-+ radical scavenging activities as well as the inhibition of low-density 
lipoprotein oxidation of these fractions were evaluated. Results showed that AEF2, 
AEF3 and AEF4 fractions showed the strongest antioxidant activity which was 
positively correlated to their total phenolic content, suggesting that the phenolic 
compounds might be the major antioxidant components in these fractionated 
subfractions. 
Ill part four, the antioxidants of the subfractions of methanol crude extract of Aa 
and Pevf were characterized by TLC and HPLC. Results confirmed that phenolic 
compounds were present in the subfractions of both mushrooms. Finally, the phenolic 
compounds of the fractionated subfractions of ethyl acetate and butanol subfractions 
of A a were further characterized by HPLC and LC-MS. Results indicated that a 
mixture of phenolic compounds were presented in the fractions. The combined effect 
of these phenolic compounds might be the possible reason for the high potency of A A 
in AEF2, AEF3 and AEF4. The Aa and Pevf mushrooms are a potential source of 
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CHAPTER 1 ： INTRODUCTION 
1.1 An introduction of natural antioxidants 
1.1.1 Definition of antioxidants 
Antioxidants are substances that present in foods or in the body in low 
concentrations that can significantly delay or prevent the oxidization of oxidized 
substrates (Halliwell, 1995). There are two types of antioxidant, namely, primary 
antioxidants and secondary antioxidants (Ingold, 1968). Primary antioxidant such as 
flavonoids and phenolic acids, also called chain-breaking antioxidants, can react with 
free radicals and convert them to more stable products. Secondary antioxidant, also 
called preventive antioxidants, can reduce the rate of initiation of autoxidation of 
lipids such as metal ion chelators. Some antioxidants are multifunctional which exert 
their antioxidative effects by several mechanisms (Frankel and Meyer, 2000). 
Antioxidants can also be classified into natural antioxidants and synthetic 
antioxidants. Natural antioxidants including phenolic compounds, vitamins and 
enzymes, metal ion chelators, as well as carotenoids are naturally existed especially in 
plants (Shahidi, 1997). Synthetic antioxidants, including butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), rerr-butylhydroquinone (TBHQ) and propyl 
gallate (PG) are artificially made antioxidants which are widely applied in food 
industry to maintain the quality of food by retarding the oxidative breakdown of lipids 
(Wanasundara and Shahidi, 1994) and extending the shelf-life of food. Synthetic 
antioxidants are less expensive than the natural ones (Duve and White, 1991). 
However, after they were found to be carcinogenic in rats, the use of these compounds 
was under strict regulation (Branen, 1975; Ito et al., 1983) which prompts the 
importance of natural antioxidants as their alternatives and the study of natural 
antioxidants in plant food. 
1 
Since then, many researches had focused on the antioxidant from natural sources 
such as plants. Apart from being used as food additive, antioxidants from plant have 
various health benefits (Cao et aL, 1996; Shekelle et al., 1981; Speek et al., 1986; 
Velioglu et al., 1998). Vegetables were studied most extensively and found to possess 
potent antioxidant activity (Cao et al., 1996; Velioglu et al., 1998). Chromatographic 
and spectrophotometric methods showed that carotenoids were the principal 
antioxidant that presented in green leafy vegetables (Speek et al., 1986). These 
compounds were suggested to be anti-carcinogenic (Shekelle et al., 1981), anti-ulcer 
(Javor et al,, 1983) and anti-aging (Cutler, 1984) as well as anti-oxidative (Krinsky, 
1979; Farmilo and Wilkinson, 1973). Another type of food that were well studied is 
fruits (Hertog et al., 1992a,b), they contained an abundant amount of flavonoids that 
possessed strong superoxide anions scavenging activity (Robak and Gryglewski, 1988) 
and hydroxyl radical scavenging activity (Rafat et al., 1987). The removal of these 
highly reactive radicals can prevent the oxidative damage of proteins, lipids and 
deoxyribonucleic acid (DNA) (Halliwell, 1995). 
However, the investigation of antioxidant derived from fungi, especially 
lesser-known edible mushrooms, which are produced by artificial cultivation methods, 
is still relatively rare. As these mushrooms are only available in the market recently, 
their health benefits, especially the antioxidative properties of these mushrooms are 
subjects of intense research interests. As a result, this research project aims at 
evaluating the antioxidant activity of 14 lesser-known edible mushrooms and 
characterizing the antioxidants from those mushrooms that showed high antioxidative 
potency. 
2 
1.1.2 Application of antioxidants in foods 
Food with high lipid content are easy to rancid due to the oxidation of lipid. The 
use of antioxidants can prevent this occurrence. Traditionally, synthetic antioxidants 
such as B H A and B H T have been used primarily to prevent the rancidity of food as 
they can be manufactured inexpensively. However, when it was shown that these 
compounds might be carcinogenic (Chen et al., 1992), researches had switched the 
focus on the development and utilization of antioxidants from chemical synthesis to 
natural sources such as plants. But how can antioxidants prevent the rancidity of foods? 
It is highly related to the mechanisms of food oxidation. 
1.1.2.1 Oxidation of foods 
Food can be oxidized in two ways, namely, autoxidation and photo-oxidation. 
These two processes can lead to the rancidity of food and reduce the shelf-life and 
palatability of food. 
1.1.2.1.1 Autoxidation of food 
Autoxidation occurs in three steps (Shahidi, 1992). They are initiation, 
propagation and termination. The equations involved are summarized below: 
Initiation: R H R* (1.1) 
R® + 02 ROO* (1.2) 
Propagation: ROO* + R'H R O O H + R’. (1.3) 
Termination: ROO* + R'* R O O R ' (1.4) 
R O O + R O O — R00R’ + 02 (1.5) 
R* + R* RR' (1.6) 
Equations (1.1) and (1.2) showed the initiation process of the chain reactions. By 
the abstraction of a hydrogen atom, the fatty acid (RH) generates an alkyl radical (R*) 
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which reacts with oxygen (O2) to form the peroxyl radical (ROO®). The formation of 
peroxyl radical by the oxygenation of alkyl radical is a rapid reaction and thus it is the 
primary product of autoxidation. 
Equation (1.3) showed the propagation process which accelerates the chain 
reaction begun in initiation. In this process, the peroxyl radical can abstract a 
hydrogen atom from an adjacent fatty acid to generate an alkyl radical (R'®). The 
alkyl radical formed can be oxygenated and forming a peroxyl radical again which 
accelerated the oxidation cycle in equations (1.1) to (1.3). 
The chain reaction is terminated when the alkyl radicals and peroxyl radicals 
react with each other to form nonradical species as shown in equations (1.4) to (1.6). 
The lipid autoxidation cycle is then completed. But re-initiation of the autoxidation 
can occur and the cycle repeats indefinitely until the oxidizable substrate is depleted 
(Cuppett et al., 1997). 
1.1.2.1.2 Photo-oxidation of food 
Photo-oxidation, also called photosensitized oxidation, occurs in foods by the 
following mechanisms (Nawar, 1996): 
iS + Zzv -> Is* 3s* (1.7) 
^S* +'02 IO2+IS (transfer of energy) (1.8) 
IO2+RH — R O O 4 R O O H (1.9) 
A sensitizer (^S) such as chlorophyll, can absorb energy {hv) from ultraviolet 
(UV) light and becomes excited (equation 1.7). The excitation causes it to move to a 
higher vibrational energy state (^ S*). The excited sensitizer can either drop back to the 
ground state itself or transfer its energy to oxygen with the lowest vibrational energy 
state CO2). The latter event causes the oxygen to become highly energetic singlet 
oxygen (^02) (equation 1.8). 
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The singlet oxygen is highly electrophilic which can attack the double bonds of 
the unsaturated fatty acids, leading to the formation of peroxyl radicals and finally, 
hydroperoxides (LOOH) (equation 1.9). The rate of photo-oxidation is much faster 
than that of autoxidation due to the presence of highly reactive singlet oxygen (Foote 
et al., 1976; Pry or et al., 1976). 
As mentioned above, the oxidation of food can lead to rancidity. This 
phenomenon can be prevented by the addition of natural antioxidants (AOH) to food 
There are many types of natural antioxidants which can prevent oxidation through 
different mechanisms. These mechanisms are briefly described in sub-section 1.1.4. 
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1.1.3 Free radicals and antioxidants 
1.1.3.1 Free radicals and reactive oxygen species 
Free radicals are defined as any molecules or atoms with one or more unpaired 
electrons (Yashikawa et al., 1997). With the possession of the unpaired electrons, they 
are usually unstable and highly reactive. Therefore, free radicals such as hydroxyl 
radical (HO*) and superoxide anion radical (Oi*) can react with biological 
macromolecules and induce tissue damage. On the other hand, formation of peroxyl 
radical (ROO*) is a key step in lipid peroxidation (Halliwell, 1995). This is an 
important cause of cell membrane destruction and thus tissue damage. And it has been 
suggested that the oxidative modification of low-density lipoprotein (LDL) is the 
main cause of atherosclerosis which is highly related to radical formation (Brown and 
Goldstein, 1983). Table 1.1 shows some examples of free radicals. Many diseases 
such as atherosclerosis and cancers are related to free radicals (Table 1.2). 
Table 1.1 Examples of free radicals 
Name of free radical Chemical formula of free radical 
Alkoxyl radical RO* 
Hydroxyl radical HO* 
Nitric oxide NO* 
Peroxyl radical ROO® 
Superoxide anion radical O2 
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Table 1.2 Diseases associated with free radicals (Ames et a/., 1993) 
Diseases associated with free radicals Specific examples 
Cancers Lung cancer 
Cardiovascular disease Atherosclerosis 
Eye detects Cataracts 
Immune disease Rheumatoid arthritis 
Brain dysfunction Parkinson disease 
Reactive oxygen species (ROS) are metabolic by-products generated in human 
body. Accompanying with a non-radical species, hydrogen peroxide (H2O2), hydroxyl 
radical, superoxide anion radical and peroxyl radical are three major free radical 
species belonging to R O S (Lopaczynski and Zeisel, 2001). The ROS are highly 
reactive which can cause tissue injury and diseases if they are allowed to accumulate. 
Therefore, our body have to protect against them through a number of mechanisms 
such the endogenous antioxidant defenses including superoxide dismutase (SOD), 
catalase and glutathione peroxidase to break down the ROS to less toxic and non-toxic 
products. However, such defense mechanisms are inadequate to prevent the damage 
completely, thus antioxidants from dietary sources are important in maintaining health. 
The following subsections introduce briefly concerning some common ROS and their 
related damaging effects. 
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1.1.3.1.1 Superoxide anion radical 
Although superoxide anion radical is less reactive as compared with hydroxyl 
and peroxyl radicals, it is the first product of oxygen reduction. Normally, in the 
electron transport chain of mitochondria, oxygen is combined with electron and 
hydrogen ion for energy generation. Accidentally, about 2-5% of oxygen consumed 
by mitochondria is converted to superoxide anion radical (equation 1.10): 
02 + e- — O2、 (1.10) 
Many other molecules in the body can react with oxygen to generate superoxide anion 
radical such as adrenaline, dopamine and tetrahydrofolates (Fridovich, 1986). On the 
other hand, superoxide anion radical can play a role in the immune system. The 
phagocytic cells such as neutrophils, monocytes, macrophages and eosinophils 
produce superoxide anion radical as part of the host defense mechanism to kill foreign 
microorganisms. The excessive superoxide anion radical will be broken down by 
superoxide dismutase to form a less toxic product, hydrogen peroxide. However, the 
malfunction of the enzyme can lead to immune disease such as rheumatoid arthritis 
and inflammatory bowel disease contributed by the unremoved superoxide anion 
radical (Halliwell, 1996). Although superoxide anion radical is relatively unreactive 
as compared with other free radical species, it can cause damage to the body 
depending on the location it is formed. For instance, in vascular system, the excessive 
production of superoxide anion radical can contribute to hypertension and vasospasm. 
The mechanism involves the rapid reaction of superoxide anion radical with nitric 
oxide (NO*), which acts as vasodilator to relax the smooth muscle in the wall of 
blood vessel to reduce blood pressure, making less nitric oxide available for 
vasodilation. This causes the frequent vasoconstriction and eventually extraordinary 
high blood pressure which damages the blood vessels (Laurindo et al., 1991; 
Nakazono et al., 1991). Also, superoxide anion radical has been found to damage the 
8 
mitochondrial electron transport chain by attacking the reduced nicotinamide adenine 
dinucleotide (NADH) dehydrogenase complex (Zhang et al., 1990). 
1.1.3.1.2 Hydrogen peroxide 
The second R O S which is commonly made in human body is hydrogen peroxide; 
it is generated spontaneously by the dismutation of superoxide anion radical catalyzed 
by superoxide dismutase (McCord and Fridovich, 1969) (equation 1.11): 
202、+ 2 H + 4 H2O2 + O2 (1.11) 
Apart from SOD-catalyzed generation, it can be directly produced by several oxidase 
enzymes including monoamine and amino acid oxidases in the body (Chance et al., 
1979). The presence of hydrogen peroxide is detected inside our body. For example, 
the human eye lens was detected to contain micromolar concentration of it (Halliwell 
and Gutteridge, 1990). Although hydrogen peroxide is much less reactive than 
superoxide anion radical (Chance et al., 1979), it can easily diffuse through all cell 
and organelle membranes (Halliwell and Gutteridge, 1999a), having a damaging 
effect to some cellular targets when the concentration is greater than 50 juM. For 
instance, it can interferes with the production of adenosine tri-phosphate (ATP), the 
energy carrier, by a variety of mechanisms including oxidization of an essential 
sulfhydryl group on the glycolytic enzyme glyceraldehydes-3-phosphate (G3P) 
dehydrogenase. This hinders the function of G3P which is essential in glycolysis. 
Also, the exposure to high level of hydrogen peroxide was found to cause D N A 
damage, gross perturbations to cytoskeleton and plasma membrane (Hyslop et al., 
1988). 
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1.1.3.1.3 Hydroxyl radical 
Much of the toxicity of superoxide anion radical and hydrogen peroxide in vivo 
is thought to be due to their conversion into the more reactive species, hydroxyl 
radical (Halliwell and Gutteridge, 1990). Three mechanisms have been proposed for 
the formation of hydroxyl radical from the superoxide anion radical and hydrogen 
peroxide in vivo. The first one involves the catalysis by transition metal ion, 
particularly iron and copper ion (equations 1.12 to 1.15): 
O2、 +Fe3+ — Fe2+ + O2 (1.12) 
Fe2+ +H2O2 H O +0H- +Fe3+ (1.13) 
O2、 +Cu2+ — Cu+ +O2 (1.14) 
Cu+ +H2O2 H O +0H" +Cu2+ (1.15) 
The second mechanism is the reaction of superoxide anion radical with nitric oxide to 
give peroxynitrite (ONOO.) (equation 1.16) which can decompose to form hydroxyl 
radical and other reactive species (equations 1.17 and 1.18) (Beckman et al., 1994; 
Pou et al., 1995). 
O2、 + N O O N O O ' (1.16) 
ONOO" +H+ O N O O H (1.17) 
O N O O H H O + N02» (1.18) 
The third mechanism is the reaction of superoxide anion radical with hypochlorous 
acid which is an antibacterial R O S generated by activated neutrophils (equation 1.19): 
O2、 + H 0 C 1 — H O +O2 + C r (1.19) 
Other than generation of hydroxyl radical in vivo by other ROS, the exposure to 
ionizing radiation can lead to the formation of hydroxyl radical. Since in the 
environment we lives, there are many background level of radiation from cosmic rays, 
human-made radioactive isotopes and natural radioactive rock which can cause the 
generation of hydroxyl radical in our body cells (Halliwell and Gutteridge, 1999a). 
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The hydroxyl radical is the most reactive oxygen species known, it can react with 
almost all the cellular components next to it. Its extent of damage toward living cells 
depends on the location it is generated as it reacts at its site of formation. If it is 
generated adjacent to D N A , it attacks the purine as well as pyrimidine bases, forming 
a variety of modified bases (Halliwell, 1996). Among which 8-hydroxyguanine 
(8-OhdG) is the most concerned one since its formation represents a premutagenic 
alteration (Dizdaraglu, 1991). Hydroxyl radical also attacks the deoxyribose chain 
causing D N A strand cleavage. If the D N A damage is left unrepaired, it will initiate 
carcinogenesis. Fortunately, in healthy cells, repairing enzymes can remove the 
damaged bases and damaged portion of D N A constantly (Demple and Harrison, 1994). 
However, the damage accumulates with age which is thought to be due to the decline 
of efficiency of the repair system (Ames et al., 1993). Therefore, the intake of dietary 
antioxidants for the enrichment of the endogenous antioxidant status may exert a 
long-term protective effect against the damage caused by hydroxyl radical and lessen 
the load of the repair system. Furthermore, hydroxyl radical can lead to the generation 
of secondary radical. By reaction with a biological molecule next to it, it can produce 
other radical of lower reactivity which can lead to a number of biological 
consequences. A well-studied event in vivo is the initiation of lipid peroxidation by 
hydroxyl radical through the production of alkyl and peroxyl radicals (Halliwell and 
Gutteridge, 1990). 
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1.1.3.1.4 Peroxyl radical 
Peroxyl radicals are good oxidizing agents due to their possession of highly 
positive standard reduction potential value of 1.60V (Buettner, 1993), although 
peroxyl radicals formed in biological systems often undergo rapid molecular 
rearrangement to generate other radical species. The peroxyl radicals can be generated 
by two ways. The first one is by the attack of hydroxyl radical upon organic 
compounds to generate an alkyl, carbon-centered radicals (R«) which can directly 
react with oxygen molecule under aerobic conditions (equation 1.20): 
R* + O 2 R02. (1.20) 
The second way is by the decomposition of organic peroxides (ROOH) (equation 
1.19): 
R O O H — R ( V +H+ (1.21) 
As mentioned above, the formation of peroxyl radicals is a key step in lipid 
peroxidation as they can abstract a hydrogen atom from lipid molecules (Halliwell 
and Gutteridge, 1999b). Also, their property to abstract hydrogen atom lead to the 
formation of other free radical. For example, they can rapidly oxidize nicotinamide 
adenine dinucleotide (NADH) to generated superoxide radical anion in the presence 
of oxygen molecule (equations 1.22 and 1.23): 
R02* + N A D H RO2H +NAD_ (1.22) 
N A D * + O 2 — N A D + + O 2、 (1.23) 
Thus, the R O S inside our body are interrelated. Their long-term accumulation 
without being efficiently removed by antioxidant defense can lead to severe cellular 
damages and diseases. The following subsections briefly describe one of the 
well-studied oxidation processes in vivo, the lipid peroxidation of biological 
membranes, and the oxidation of low density lipoprotein (LDL) as examples to 
illustrate the detrimental effects of R O S toward our body. 
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1.1.3.1.5 Lipid peroxidation of cell membranes 
The major constituents of biological membranes are lipid and protein. The 
protein portion can generally be divided into two types; one is loosely attached to the 
membrane (extrinsic protein) while the other is tightly attached to membrane (intrinsic 
protein). On the other hand, the membrane lipids are generally amphipathic molecules. 
They contain hydrophobic hydrocarbon regions that tend to cluster together to form 
the inter layer that exclude water and hydrophilic outer layer that can associate with 
water. This lipid bilayer is the basic structure of all cell and organelle membranes, 
with the proteins being inserted in different parts of it (Halliwell and Gutteridge, 
1999b). 
Lipid peroxidation involves two steps, namely, initiation and propagation. Since 
the lipid portion of most membranes contains polyunsaturated fatty acid (PUFA) side 
chains which are susceptible to the attack by R O S especially free radicals, the 
initiation of lipid peroxidation starts with PUFA. In the initiation, the free radicals 
such as hydroxyl radical, peroxyl radical and alkoxyl radical can abstract a hydrogen 
atom from the methylene (-CH2-) group of the lipid leaving behind an unpaired 
electron on the carbon to form the carbon radical (-CH-). Hydroxyl radical can initiate 
the lipid peroxidation readily (equation 1.24): 
-CH2- + 0 H * -CH- +NAD* (1.24) 
In aerobic condition, the carbon radical is usually reacted with oxygen molecule to 
form peroxyl radical (equation 1.25) 
R* +O2 — R02* (1.25) 
The peroxyl radicals are capable of abstracting a hydrogen atom from the methylene 
group of another lipid molecule (-CH2-) from the fatty-acid side-chain adjacent to it, 
forming another carbon radical and lipid hydroperoxide (ROOH) which also called 
lipid peroxide (equation 1.26): 
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R02* +-CH2- — R O O H +-CH- (1.26) 
This is the propagation stage of lipid peroxidation. The carbon radical formed can 
further react with another oxygen molecule to form another peroxyl radical and the 
chain reaction of lipid peroxidation can then propagate. A single initiation event can 
lead to the formation of several molecules of peroxide due to the chain reaction 
(Halliwell and Gutteridge, 1999b). 
As mentioned in section 1.1.3.1.3, transition metal ions such as iron and copper 
ions can lead to the production of hydroxyl radical in the presence of oxygen 
molecule (equations 1.12 to 1.15), so they can act as promoters of lipid peroxidation. 
Beside, iron and copper ions can promote the propagation process through another 
mechanism. Pure lipid peroxides are often stable at physiological temperature but they 
decompose on heating or in the presence of transition-metal ions (Halliwell and 
Gutteridge, 1990). For example, iron (II) ion and certain iron chelates such as haem 
proteins can split the 0-0 bond of lipid peroxides to produce alkoxyl radical (equation 
1.2): 
R O O H +Fe2+ Fe3+ +0H" + R O (1.27) 
The alkoxyl radicals can then abstract a hydrogen atom from another lipid peroxide to 
form other peroxyl radical (equation 1.2). This allows the propagation of lipid 
peroxidation to proceed further. 
R O O H + R 0 » R O O + R O H (1.28) 
Apart form the continuation of propagation, the decomposition of peroxide can 
also form a variety of semi-metabolites such as aldehydes, ketones, ether, alcohols 
and hydrocarbons, which can be further metabolized by various enzymes (Ernster, 
1993). Some of these semi-metabolites are harmful. The thermal homolysis of the 
0-0 bond of lipid peroxide yields the alkoxyl and hydroxyl radicals which can attack 
other lipid peroxides. Besides, malondialdehyde (MDA), sometimes called 
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malonaldehyde, is formed through fragmentation of lipid peroxides during the 
peroxidation of most lipids. Although it is formed only in a small amount commonly, 
it is used as an indicator of assay for accessing the extent of lipid peroxidation since it 
can react with thiobarbituric acid (TBA) to form a pink chromogen in T B A test. M D A 
arises mainly from the peroxidation of PUFAs with more than two double bonds such 
as linolenic, arachidonic and docosahexaenoic acids. It can reacts with D N A bases 
and introduce mutagenic lesions (Benamira et al., 1995). Also, M D A can crosslink 
with membrane proteins by Schiff base formation which lead to protein denaturation 
and formation of lipofuscin aggregates. The metabolic product of M D A is harmful 
also. In mammalian tissues, M D A is rapidly oxidizied by aldehyde dehydrogenase to 
malonic acid which is a semialdehyde of dicarboxylic acid (Esterbauer et al., 1991). It 
is a competitive inhibitor of the succinate dehydrogenase enzyme in mitochondria. 
Fortunately, the malonic acid will commonly decarboxylate to acetaldehyde which is 
then further oxidized by aldehyde dehydrogenase to acetate. On the other hand, 
4-hydroxy-2——trans-nonQndil (HNE) is formed during the peroxidation of n-6 PUFAs 
such as linoleic and arachidonic acids, by cleavage of lipid hydroperoxides in the 
presence of transition-metal ions. H N E is toxic and its effect highly depends on 
concentrations. If its concentration is above 100 \iM, acute toxic effects such as 
mitochondrial damage, bleb formation, cell lysis and rapid cell death are observed 
(Kristal et al., 1996). When its concentration is between 1-20 juM, it inhibits D N A and 
protein synthesis. Another alkenals, fra/7^-4-hydroxy-2-hexenal (HHE) is also formed 
in peroxidation decomposition and was found to be cytotoxic to mitochondria (Kristal 
et al., 1996). 
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1.1.3.1.6 Oxidation of LDL and atherosclerosis 
Apart from cell membrane, R O S can initate lipid peroxidation in low density 
lipoprotein (LDL) which is one of the initial steps of LDL oxidation (Frei, 1995). 
L D L is the major cholesterol carrier in blood stream. The LDL oxidation is thought to 
play the key role in atherosclerosis (Schwartz et al., 1991), which is a degenerative 
disease of large and medium-sized arteries. It is characterized by hardening and loss 
of the elasticity of the arterial wall with narrowing of the lumen of the artery due to 
local thickening of the intima, the innermost layer of the arterial wall. This disease is 
also the main cause of cardiovascular and cerebrovascular disease leading to 
myocardial infarction and ischemic stroke, respectively. As mentioned in section 
1.1.3.1.5, R O S and transition metal ions can lead to lipid peroxidation and the 
formation of reactive aldehydes such as M D A and H N E during the decomposition of 
lipid peroxides. These semi-metabolites had been proposed to initiate the formation of 
oxidative modified LDL (oxLDL) (Frei, 1995). They react with the s-amino groups of 
lysine residues in apoprotein B, one of the component of LDL, to form Schiff s bases 
and increase the negative net charge of the LDL particle. This form the oxLDL. With 
the change of net charge, the oxLDL molecule can only be recognized and uptaken by 
the unregulated scavenger receptors in macrophages instead of the normal LDL 
receptor which is subjected to the down-regulation if the intracellular cholesterol level 
is too high (Steinbrecher, 1987). Since the uptake of oxLDL molecules is unregulated 
and with about three to ten time faster than that of native LDL, the macrophages in the 
intimal subendothelium of arterial wall becomes loaded with lipids, leading to the 
formation of lipid-laden foam cells. Foam cells are proposed to be highly related to 
the formation of fatty streaks which serve as the precursors of fibrous plaques (Frei, 
1995). During this stage, foam cell necrosis occurs followed by the deposition of cell 
debris, extracellular lipid and cholesterol crystal as well as the maturation of fibrous 
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plaques. The maturation of fibrous plaques involves a series of abnormal events 
including the continued proliferation of myointimal cells, foam and endothelial cell 
necrosis, hemorrhage, mural thrombosis and calcium deposition in the arterial intima, 
which eventually leads to atherosclerosis (Halliwell and Gutteridge, 1999c). 
Fortunately, many studies proposed that the oxidation of L D L begins after the 
depletion of its endogenous lipophilic antioxidants (Esterbauer et al., 1987; 
Esterbauer et al” 1989; Jessup et al., 1990). As a result, the consumption of dietary 
antioxidants is suggested to be antiatherogenic in many epidemiological studies and 
scientific researches. In two clinical intervention trials, the epidemiological data from 
two large prospective cohort studies propose a potent protective effect of vitamin E 
and beta-carotene against coronary heart disease (Rimm et al., 1993; Stampfer et al., 
1993). Besides, increased intake of vitamin C has also been found to be associated 
with substantially lowering of the cardiovascular disease mortality (Enstrom et al., 
1992). In the aspect of research, studies showed that phenolic compounds from fruits 
such as grape and peach can effectively inhibiting the copper (II) ion-induced L D L 
oxidation in vitro (Frankel et al., 1998; Chang et al,, 2000). As a result, the 
consumption of natural dietary antioxidants is suggested to be a remedy to protect 
against atherosclerosis. The following subsection will introduce some types of natural 
antioxidants and their mechanisms. 
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1.1.4 Natural antioxidants and their mechanisms 
Natural antioxidants are abundant in our daily food. Many types of natural 
antioxidants such as carotenoids, flavonoids, phenolic acids, sterol antioxidant as well 
as antioxidant vitamins can be obtained in our diets (table 1.3). They can exert their 
functions mainly in four types of mechanisms. Some of them can act as reducing 
agents, others act as radical scavengers, singlet oxygen quenchers or metal ion 
complexing agents for exerting their antioxidative functions. The following 
subsections will introduce some types of antioxidant and their mechanisms. 
Table 1.3 Dietary sources of some antioxidants (Shahidi, 1997) 
Antioxidant compounds Dietary source 
Carotenoids Dark leafy vegetables, carrots, apricots and tomatoes 
Flavonoids Fruits, vegetables, tomatoes and onions 
Phenolic acids Oilseeds, cereals and grains 
Sterol* Mushrooms 
Vitamin C Fruit, vegetables, sprouts and green peppers 
Vitamin E Oilseeds, palm oil, nuts, eggs and dairy products 
Yokokawa and Mitsuhashi, 1981 
1.1.4.1 Carotenoids 
Carotenoids (figure 1.1) are an important group of antioxidant found in green 
leafy vegetables (Speek et al., 1986) and carrots (Shahidi, 1997). It has been well 
documented that carotenoids especially beta-carotene are effective singlet oxygen 
quenchers (Farmilo and Wilkinson, 1973). The mechanism of quenching singlet 
oxygen involving the energy transfer from singlet oxygen to the carotenoids. The 
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structural relationship of carotenoids also affects the rate of singlet oxygen quenching 
which is highly related to the number of conjugated double bonds. The presence of 
nine or more double bonds in the carotenoids greatly enhances the quenching ability. 
Vice versa, the effect of singlet oxygen decreases when the carotenoids consist of 
seven or lesser double bonds due to the inability of the delocalization of the unpaired 
electrons gained from the singlet oxygen between the conjugated chain (Foote et al., 
1970). Also, carotenoids can also exert their antioxidative function by a radical 
trapping mechanism which relies on the delocalization of the unpaired electrons of the 
peroxyl and free radical species over the carotenoid conjugated polyene system 
(Burton and Ingold, 1984; Terao , 1989). 
CH3 八 
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,'::旧:3 ... I ... f I CH。 





- , - , 丨 C H ] 
^ ...CH] 
(b) lycopene 
Figure 1.1: The structures of some common carotenoids (Sigma, 
http://www.sigma-aldrich.com) 
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1.1.4.2 Phenolic compounds 
Phenolic compounds are a diverse class of compounds which consist of one or 
more hydroxyl groups attached to an aromatic ring. But authentic phenolic 
compounds are defined as being derived from the shikimic acid or polyketide 
pathways. Some phenolic compounds are complex molecules derived from the 
condensation of two or more components from both pathways. There are many classes 
of natural phenolic compounds such as flavonoids, lignins, phenolic acids and tannins 
(Lee and Widmer, 1996). They are abundant in plant such as green vegetables, green 
tea, brown seaweeds and mushrooms (Chu et al., 2000; Zhang et al.’ 1997; Lim et al., 
2002; Cheung et al., 2003). Due to the possession of hydroxyl group or its derivative 
such as methoxyl group, they are powerful free radical terminators which inhibit lipid 
oxidation by rapid donation of a hydrogen atom to peroxyl radicals as shown in 
equations 1.29 to 1.33. 
ROO* + ArOH R O O H + A r O (1.29) 
R O + ArOH R O H + A r O (1.30) 
ArO* + ArO® — Non-radical product (1.31) 
ROO* + 2 A r O ROOAr + ROOAr (1.32) 
R O + 2ArO» ROAr + ROAr (1.33) 
From equations 1.29 and 1.30, the phenolic antioxidant (ArOH) donates a 
hydrogen proton to the peroxyl radicals (ROO* and RO) to yield an aroxyl radical 
(ArO) and the hydroperoxide (ROOH) and alcohol (ROH). The aroxyl radical 
formed is relatively stable radical specie as compared with free radical due to the 
delocalization of unpaired electrons around the aromatic ring (Shahidi et al., 1992). 
Also, the aroxyl radicals can react with each other to form a non-radical product by 
radical-radical coupling (Chimi et al., 1991) as shown in equation 1.31. The reaction 
between aroxyl radical and peroxyl radical can lead to the formation of other 
2 0 
non-radical products (equations 1.32 and 1.33). 
1.1.4.2.1 Flavonoids 
Flavonoids are polyphenolic compounds which consist of a C6-C3-C6 skeleton. 
Figure 1.2 shows the structures of some common flavonoids. The two aromatic rings 
are linked by a three-carbon aliphatic chain which is condensed to form a pyran or 
furan ring (White and Xing, 1997). There are several sub-classes of flavonoids 
including flavones, flavonols, isoflavones, catechins, flavanones and chalones which 
can be found in all types of higher plant tissues. They are known as primary 
antioxidants which act as free radical acceptors and chain breakers. Some flavonols 
are even known to have metal chelating property due to the presence of 
3-hydroxy-4-keto group or the 5-hydroxy-4-keto group (Pratt and Hudson, 1990). 
% 
OH O 
Ri Ri R3 R4 Rs 
Flavones 
Apigenin H H H OH H 
Oirysin H H H H H 
Luteolin H H 彻 OH H 
Flavonols 
Dati-scetin OH OH H H H 
Qoercetin OH H OH OH H 
Myricetin OH H OH OH OH 
Morin GH OH H OH H 
Kaempferol OH H H OH H 
Figure 1.2: The structures of some common flavonoids (White and Xing, 1997) 
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1.1.4.2.2 Phenolic acids 
Phenolic acids are small molecular size phenolic compounds which include the 
derivatives of cinnamic acids and benzoic acids. /Vzra-hydroxybenzoic add, 
protocatechuic acid, vanillic acid and syringic acid are some common benzoic acid 
derivatives while /?-coumaric acid, caffeic acid, femlic acid and sinapic acid are 
cinnamic acid derivatives (Figure 1.3). Both of them can function as free radical 
scavengers. The degree and the position of hydroxylation are major factors affecting 
the potency of antioxidant activity of phenolic acids. Cuvelier et al. (1992) evaluated 
the antioxidant activity of many phenolic acids and established several 
structure-activity relationship (SAR) between them. The first one is the introduction 
of a second hydroxyl group in the ortho or para position increased the antioxidant 
activity with a large extent. Secondly, the substitution of hydroxyl group by methoxyl 
group at the ortho position increased the antioxidant activity with a small extent 
according to the previous findings. Besides, the cinnamic acid derivatives exert higher 
antioxidant activity due to the presence of C H = C H - C O O H group as compared with 
their benzoic acid analogue. 
2 2 
Benzoic acid and its derivatives Cinnamic acid and its derivatives 
O / / x N . 
II ..:> 
？ — 〇 H W / H 
丄 ... z 
--夕 c 二 c 
H C — O H 々 - 、 I I 〇 
(a) benzoic acid (f) trans-cmndimic acid 
, —、、、 o , — — o 
/;/ II /：^  %、 II 
HO -(：•••"• ) - C - O H H O � � ! V C H =CH —C—OH 
\ / \ . / 
_, • \ / 
(b) ;7-hydroxybenzoic acid (g) ；?-Coumaric acid 
/ : : : : : : 「 : : 、 / 厂 : : : : : : > . . 
HO —: ���:�、广 C - O H HO —< 一CH 二CH -C—OH 
\——/ \——/ 
HO HO' 
(c) Protocatechuic acid (h) Caffeic acid 
〇 〇 
II II 
C — O H H C — OH 
I \ z 
c 二 c 
r 1 � 
、〜广、〇CH。 \ — — / 厂 d / \ 
O H HO OCH3 
(d) Vanillic acid (i) Femlic acid 
CH,-,0 CHoO 
.�，.,: O ； — o 
/ / \ \ I I \ \ I I 
HO —( ••••)— C - O H HO —(y )—CH =CH —C-OH 
\ — / 、=/ 
C H 3 O ' C H 3 O ' 
(e) Syringic acid (j) Sinapic acid 




Sterols are another class of natural antioxidant that can be found in food. They 
are known as free radical scavenger (Winterle et al., 2001). Ergosterol (Figure 1.4) is 
the representative sterol that are most abundant in mushrooms such as Agaricus 
bisporus, Pleurotus ostreatus, and Lentinus edodes (Mattila et al., 2002). Other sterols 
such as ergosta-5,8,22-trien-3p-ol were also found in Flammulina velutipes 
(Yokokawa and Mitsuhashi, 1981). It was found that ergosterol could act as 
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Vitamin C and vitamin E are well known antioxidants that can function 
synergistically or individually (Shahidi, 1997). The former vitamin is mainly found in 
fruit, vegetables and green peppers while the latter vitamin is only found in palm oil, 
dairy products, and oilseeds. 
Vitamin C refers to compounds exhibiting full or partial biological activity of 
ascorbic acid (Eitenmiller, 1995). The principal natural compound with ascorbic acid 
activity is L-ascorbic acid (Figure 1.5). It is a popular antioxidant that is added as food 
additive to food system. It can act as singlet oxygen quencher, scavenger of 
superoxide anion radical and hydroxyl radical. Also, it can terminate the free radical 
chain reaction by its reduction action (Schuler, 1990). 
H � O H 
H O C H 》 、 儿 - ^ ^ 
HO, OH 
Figure 1.5: The structure of L-ascorbic acid (Sigma, http ://www. sigma-aldrich.com) 
There are two classes of vitamin E, namely, tocopherol and tocotrienol which 
have 4 members designated with a,p,y and 5 depending on the position and degree of 
methylation of the chromane ring (Schuler, 1990). The tocopherols consist of 
saturated side chain whereas tocotrienols consist of unsaturated side chain (figure 1.6). 
Vitamin E is the principal antioxidant to protect the unsaturated lipids of biological 
membrane against oxidation (Burton and Traber, 1990). It acts by scavenging 
chain-propagating free radical, especially peroxyl radicals, resulting in the formation 
of relatively stable phenoxyl radicals (Goh et al., 1990). Syngerism of antioxidant 
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effectiveness have been shown between vitamin C and E. Due to the reducing 
property of vitamin C, it can act as the synergist of vitamin E by reducing the oxidized 
vitamin E and recover its antioxidative functions (White and Xing, 1997). 
r A ^ O 妇 3 
CH3 3 
Ri Ri m 
Tocopherols 
a-tocopheroi CH3 CH3 CH2[CH2CH2CH(CH3)CH2]3H 
^-tocopherol CH3 H �� 
Y'-tocopherol H CH3 �� 
6-tocopherol H H �� 
Tocotiieiioi 
a-tocotrienol CH3 CH3 CH2[CH2CH=C(CH3)CH2]3H 
P-tocotrienol CH3 H -
Y-tocotrienol H CH3 �� 
5-tocotrienoi H H �� 
Figure 1.6: The structures of different members of tocopherols and tocotrienols 
(White and Xing, 1997) 
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1.2 Antioxidant in mushrooms 
In the Basidiomycetes, the highest class of fungi, fruiting bodies are formed from 
the vegetative hyphae of fungi which involved the aggregation and modifications of 
hyphae, leading to the thickening of cell wall and the reduction of lumen of cell 
(Chang and Miles, 1989). The fruiting bodies are fleshy structure called mushrooms 
which are prized for food as they often possess pleasant aroma and good texture. This 
leads to the interest on the health effect of mushrooms. 
As mentioned in section 1.1.1, some lesser-known edible mushrooms with 
unknown antioxidant activity are continuously being introduced into our market, it is 
worthwhile for evaluating and characterizing their antioxidant components. In this 
decade, researches on the evaluation of the antioxidant activity in mushrooms are just 
emerging, many studies found that some common edible mushrooms possessed potent 
antioxidant activity. The following subsections review the antioxidant properties of 
mushrooms, the characterization and biosynthesis of mushroom phenolic antioxidants 
from the literature. 
1.2.1 Antioxidant properties of mushrooms 
Mushrooms are found to possess many different types of antioxidant properties. 
A research conducted in Japan studying the antioxidant activity of the ethanol crude 
extract of 150 Japanese mushrooms using the peroxide value in methyl linoleate 
system showed that many mushrooms especially those belonging to Suillus genus had 
a 80% peroxide value lowered than the control (Kasuga et al., 1993). It has been 
proposed that there may be an intra-genus relation for antioxidant activity. Also, both 
polar (diethyl ether) and non-polar (petroleum ether) extracts of oogitake, kugitake 
2 7 
and amitake mushrooms showed high antioxidant activity in this assay, suggesting the 
presence of both polar and non-polar antioxidant (Kasuga et al., 1993). 
In the study of methanolic extracts from black, red and snow ear mushrooms, it 
was found that they possessed inhibition effect of lipid peroxidation, D P P H radical 
scavenging effect, hydroxyl radical scavenging effect, strong reducing power and 
ferrous ions chelating effect (Mau et al., 2001). Similar studies on a variety of 
mushrooms belonging to different genus such as Dictyophora indusiata, Grifola 
frondosa, Hericium erinaceus, Tricholoma giganteum, Flammulina velutipes, 
Lentinula edodes, Pleurotus cystidiosus and Pleurotus ostreatus had shown that these 
mushrooms also possessed the above mentioned antioxidant properties (Yang et al., 
2002; Mau et al., 2002). It is likely that most mushrooms possess hydroxyl and D P P H 
radical scavenging effect, inhibition effect of lipid peroxidation, metal-chelating effect 
as well as strong reducing effect. 
In a recent study conducted in our laboratory, the antioxidant activities of the 
methanol and water crude extracts of three common Chinese edible mushrooms 
Lentinus edodes (shiitake mushroom) (Le), Pleurotus tuber-regium (Ptr) and 
Volvariella volvacea (straw mushroom) (Vv) were evaluated by the beta-carotene 
bleaching method, D P P H radical scavenging activity and assay for erythrocyte 
hemolysis (Cheung et al., 2003). Potent antioxidant activities were found in some of 
the mushroom crude extracts. The methanol crude extract of Ptr was found to possess 
the highest antioxidant activity (95.1 土0.20o/o) at 20mg/ml (initial concentration) 
which was significantly higher than that of the methanol and water crude extracts of 
Le as well as the water crude extracts of Vv in the beta-carotene bleaching method 
(p<0.05). In D P P H radical scavenging activity, both of the water crude extract of Ptr 
(60.7o/o±0.23) and the methanol extract of Vv (57.8土 1.02) at 4mg/ml (initial 
concentration) possessed the highest scavenging activity significantly (p<0.05). In 
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erythrocyte hemolysis, both of the methanol and water crude extracts of Ptr and the 
water crude extract of Le at 5mg/ml (initial concentration) showed the highest 
hemolysis inhibition percentage significantly (p<0.05) (Cheung, 2001). When the 
inhibition effect of copper (II) ion-induced L D L oxidation was also assayed, it 
showed that the ethyl acetate subfraction of Ptr possessed significantly lower 
thiobarbituric acid-reactive substances (TEARS) value than that of control for both 
the 4th and 12th hours incubation periods (Cheung, 2001). These results showed that 
Ptr, which belongs to the Pleurotus genus, possessed potent antioxidant activity. As a 
result, 7 lesser-known edible mushrooms belonged to the same genus as Ptr were 
selected which constituted half of the total mushroom samples being studied in this 
project since they might also possess potent antioxidant acitivty. 
Besides, the fractionation of the methanol and water crude extracts of the Le, Ptr 
and Vv mushrooms was carried out to obtain 4 and 2 subfractions, respectively. 
Among the 6 subfractions, the dichloromethane and ethyl acetate subfractions of all of 
the 3 mushrooms showed the lowest IC50 values (0.05mg/ml to 0.16mg/ml) 
respectively and these values were at least 3 fold smaller than that of the other 
subfractions in the assay for lipid peroxidation of rat brain homogenates (Cheung, 
2001). It was proposed that the antioxidants in the methanol crude extracts were 
concentrated into the dichloromethane and ethyl acetate subfractions (Cheung, 2001). 
Since the liquid-liquid partition method seems to be effective in fractionating different 
antioxidant in mushrooms, this fractionation scheme of the methanol crude extracts of 
the mushrooms was used in this project. However, from the TLC, HPLC and LC-MS 
results, it showed that these subfractions still contained a mixture of antioxidant 
components (Cheung, 2001). Therefore, fractionation using column chromatography 
was adopted in m y research to further separate the subfractions which might possess 
high antioxidant activity for subsequent analysis. 
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1.2.2 Characterization of mushroom phenolic antioxidants 
Researches concerning the characterization of mushroom antioxidants are rare. 
The research conducted by Babitskaya et al. (1996) was probably one of the earliest 
and most extensively studied projects concerning characterization of the edible 
mushroom Pleurotus ostreatus. Using thin layer chromatography (TLC) 
accompanying with chemical detection methods, it was found that simple phenols and 
flavones might present in this mushroom. Although the ultraviolet absorption spectra 
and infrared spectra of the isolated compounds from this mushroom also support the 
presence of phenolic compounds, the identification of the compounds which exert 
antioxidant effect had not been done. 
Our previous results also suggested the presence of an abundant amount of 
phenolic compounds in mushrooms (Cheung, 2001). Using Folin-Ciocalteu method, it 
has been shown that the ethyl acetate subfractions of both Ptr (0.25mM gallic acid 
equivalent/mg subfractions) and Vv (O.SOmM gallic acid equivalent/mg subfractions) 
contained the highest total phenolic content among the 6 subfractions. Statistical 
analysis showed that the total phenolic content of the ethyl acetate subfractions of Le, 
Ptr and Vv mushrooms were highly correlated with the inhibition of Cu^ "^ -induced 
LDL oxidation, suggesting the potent effect of phenolic compounds in inhibition of 
L D L oxidation. TLC and HPLC analyses were also carried out which supported the 
presence of phenolic antioxidants (Cheung, 2001). In the LC-MS analysis, the 
retention time, U V spectra and mass spectra of the subfractions of methanol crude 
extract of Le, Ptr and Vv mushrooms were compared with some 9 phenolic 
compounds. Although there was no positive matching, there was one compound that 
eluted at 46.4min with molecular mass of 458.4 in the ethyl acetate subfraction of Ptr 
was suspected to be a polyphenolic compound epigallocatechin 3-gallate 
(MW=458.38). However, the retention time and the ultraviolet spectra of the 
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epigallocatechin 3-gallate was unavailable for comparison with the compound 
identified in the ethyl acetate subfraction of Ptr. More recently, using gas 
chromatography-mass spectrometry (GC-MS) method, Mattila et al. (2001) suggested 
the presence of phenolic acids, /yam^-dnnamic acid, hydroxybenzoic acid, 
protocatechuic acid and caffeic acid in Agaricus bisporus and Lentinus edodes 
mushrooms produced in Finand. 
Moreover, some studies supported the presence of phenolic compounds in fungi, 
the kingdom to which mushrooms belong. Wada et al. (1996) successfully isolated 
and characterized two novel prenylated phenolics from the fruiting body of Boletinus 
asiaticus using both chemical and spectroscopic methods, respectively, including 
infra-red (IR) spectrometry, mass spectrometry (MS) and nuclear magnetic resonance 
(NMR). The two compounds were found to be structural isomers of each other which 
were named asiaticusin A and asiaticusin B, the molecular formulas of both were 
found to be C27H36O5 with the structures shown in figure 1.7(a) and (b). Later, 
Shibata et al. (1998) isolated and characterized another novel macrolide phenolic 
compound named ornatipolide from the fruiting body of another fungus, Boletus 
ornatipes. The structure of this phenolic metabolite is shown in figure 1.7c. Apart 
from the fruiting body of fungi, the other structural unit of fungi also contained 
phenolic compounds. Flavoglaucin (figure 1.7d), a phenolic compound, was isolated 
from the mycelial mat of Eurotium chevalieri and was found to possess an excellent 
antioxidant activity in vegetable oils (Ishikawa et al., 1984). 
Besides, other type of phenolic antioxidants such as sterols are also present 
abundantly in mushrooms. Although their antioxidant activity is generally weaker 
than phenolic antioxidants, ergosterol, can be abundantly found in mushrooms 
(Mattila et al., 2002). In some cultivated mushrooms such as Agaricus bisporus, 
Pleurotus oestreatus and Lentinus edodes, over 600mg of ergosterol were found in 
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lOOg mushrooms using gas chromatographical method. Other sterol antioxidants such 
as fungisterol are also presented in lower amount (Mattila et al., 2002). 
Based on the results, mushrooms can be used as a potential dietary source of 
phenolic antioxidants to enrich the endogenous antioxidant status of our body. 
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(c) ornatipolide (d) flavoglaucin 
Figure 1.7. The structures of some phenolic compounds isolated from fungi 
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1-2.3 Biosynthesis of phenolic compounds from mushrooms or fungi 
From section 1.2.2, many mushrooms or fungi are suggested to possess 
antioxidants in phenolic nature. In the aspect of fungal metabolism, phenolic 
compounds in fungi are secondary metabolites derived from the intermediates of 
shikimic acid pathway, which primary role is to provide the essential aromatic amino 
acids phenylalanine, tyrosine and tryptophan (Turner, 1971). The intermediates of 
shikimic acid pathway serve as precursors of aromatic compounds, including phenolic 
compounds. One type of the derived compounds in fungi is simple phenolic 
compounds which is usually classified as "C6-C3", "C6-C2" and "C6-C1" compounds 
depending on the length of the carbon side-chain. The C6-C3 compounds include 
cinnamic acid and its derivatives; the C6-C2 compounds are phenylacetic acid and its 
derivatives while the C6-C1 refers to benzoic acid and its derivatives (section 
1.1.4.2.2). 
For the biosynthesis of the C6-C3 compounds, it was well demonstrated in the 
Basidiomycetes. The Lentinus lepideus and other Basidiomycetes were found to 
possess enzymes such as ammonia-lyases for the conversion of phenylalanine and 
tyrosine to cinnamic acids (Power et al., 1965). Concerning the biosynthesis of C6-C1 
compounds, they are three possible pathways. First, the C6-C3 compounds are 
converted into Ce-Ci compounds in Basidiomycetes. This involves the conversion of 
C6-C3 compounds such as cinnamic, /7-coumaric and caffeic acids into a Cg-C] 
compound, protocatechuic acid by beta-oxidation in the washed cells of 
Sporobolomyces roseus, probably via benzoic and -hydroxybenzoic acids (Moore et 
al., 1968). The second pathway is the formation of protocatechuic acid and gallic acid 
from dehydroshikimic acid. The third pathway involves the stepwise degradation of 
C6-C3 compounds to Ce-Ci compounds via C6-C2 compounds in Polyp or us tumulosus 
(Turner, 1971). For C6-C3 compounds, they also serve as the intermediates in the 
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biosynthesis of flavonoids (C6-C3-C6 compounds), which is another type of phenolic 
antioxidants. This pathway plays a smaller role in fungi as only two flavonoid 
compounds have been isolated so far. They are chlorflavonin and dihydrochalcone 
which have been isolated from Aspergillus candidus and Phallus impudicus, 
respectively (Bu'Lock, 1967; List and Freund, 1968) (figure 1.8). 
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(a) chlorflavonin (b) dihydrochalcone 
Figure 1.8. Structure of two flavonoids isolated from fungi 
3 4 
1.3 Assays for evaluation of antioxidants 
Many assays were developed for the evaluation of antioxidant activity based on 
the different properties of antioxidant. Since the present project mainly evaluated the 
radicals scavenging activity of mushrooms, assays for measuring hydroxyl, peroxyl, 
D P P H and A B T S radical scavenging activity were adopted, together with the 
beta-carotene bleaching method which reflects the ability of mushrooms to inhibit the 
occurrence of lipid oxidation. The differences among these different assays are 
summarized in Table 1.4.The following subsections will briefly introduce the 
principles of these assays. 
1.3.1 Beta-carotene bleaching method 
This assay was developed by Marco (1968) for rapid, reproducible evaluation of 
antioxidant activity in terms of inhibition of oxidation. Concerning the principle of 
this assay, it involves the coupled oxidations of the two major reagents: linoleic acid 
and beta-carotene. Linoleic acid can undergo auto-oxidation by abstracting a 
hydrogen molecule from its methylene group to generate free radicals. The free 
radicals oxidize and thus decolorize (bleach) the unsaturated orange colored 
beta-carotene molecules (Wettasinghe and Shahidi, 1999). The presence of 
antioxidants can inhibit the coupled oxidations to occur. By measuring the bleaching 
rate of sample and negative control spectrophotometrically at 470nm, the antioxidant 
activity of sample can be found. 
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1.3.2 Scavenging activity of DPPH radical 
This assay has been used to evaluate the free radical-scavenging capacity of 
natural antioxidants (Blois, 1958). 1,1 -diphenyl-2-picrylhydrazyl (DPPH) is a stable 
organic free radical that is scavenged by antioxidant (AOH) which donates a 
hydrogen atom to it (Wettasinghe and Shahidi, 2000) (equation 1.32): 
DPPH® + A O H — DPPH-H + A O (1.32) 
The reduction of radical results in the loss of its absorbance at 515nm (Fukumoto and 
Mazza, 2000). By measuring the loss of absorbance at 515nm for the sample and 
negative control such as water and methanol, the hydrogen donating ability of sample 
to scavenge the D P P H radical can be reflected (Kovatcheva et al., 2001). The use of 
the stable D P P H radical has the advantage of being unaffected by the side reactions 
such as enzyme inhibition and metal chelation (Wettasinghe and Shahidi, 1999). 
1.3.3 Erythrocyte hemolysis 
This assay tests the ability of an antioxidant to inhibit the peroxyl 
radical-induced hemolysis of erythrocyte (Ng et al., 2000). In this assay, an azo 
compound 2,2'-azobis(2-amidinopropane)dihydrochloride (AAPH) is used as peroxyl 
radical generator which undergoes unimolecular thermal decomposition to form two 
alkyl radicals that react with oxygen to form a peroxyl radical in the aqueous phase. 
The peroxyl radical can then cause oxidative damage by attacking to the outer 
membrane of erythrocyte. Hemolysis occurs and the red color hemoglobin is released 
from the lysed erythrocytes. The presence of antioxidant which can scavenge peroxyl 
radicals inhibits hemolysis. By measuring the absorbance of the hemoglobin released 
spectrophotometrically at 532nm for sample and negative control such as water and 
methanol, the hemolysis inhibition of the antioxidant can be found. 
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1.3.4 Scavenging activity of ABTS • + radical cation 
In this assay, a strong oxidizing agent, potassium persulphate can directly oxidize 
the phenothiazine compound 2,2‘ -azinobis-(3 -ethylbenzthiazoline-6-sulphonic acid) 
(ABTS) to produce A B T S radical cation (ABTS.+) (Frankel and Meyer, 2000). This 
radical cation is a relatively long-lived radical cation which has several absorption 
maxima including 734nm. In the presence of hydrogen donating or chain breaking 
antioxidants, the radical cation can be scavenged and the absorbance at 734nm 
decreases. By measuring the decrease of absorbance at 734nm of the sample and 
comparing with that of Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic 
acid), a water-soluble vitamin E analogue which is used as an antioxidant standard, 
the total antioxidant capacity can be calculated and expressed as Trolox Equivalent 
Antioxidant Capacity (TEAC) which reflect the amount (|ag) of Trolox having the 
same antioxidant capacity to 1 mg of the sample under investigation (Re et al., 1999). 
1.3.5 Scavenging activity of hydroxyl radical 
In this assay described by Halliwell et al. (1987), the incubation of iron-
etliylenediaminetetra-acetic acid (EDTA) chelate in buffer can lead to the hydroxyl 
radical formation according to the following equations (1.35 to 1.37): 
Fe2+-EDTA + O2 ^ Fe^^-EDTA + Os" (1.35) 
2O2 + 2H+ — H2O2 + O2 (1.36) 
Fe2+-EDTA + H2O2 -> OH" + OH* + Fe^^-EDTA (1.37) 
Two other reagents were used in the system to accelerate the rate. The inclusion of 
hydrogen peroxide can speed up the hydroxyl radical formation according to equation 
(1.35) while ascorbic acid is used as an reducing agent to reduce the Fe^^-EDTA 
chelate to Fe^^-EDTA and thus increase the reaction rate (equation 1.38): 
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Fe3+-EDTA + Ascorbic acid Fe^^-EDTA + Dehydroascorbic acid (1.38) 
The formation of hydroxyl radical can break down the substrate, deoxyribose, to a 
mixture of products which further decompose to form malondialdehyde (MDA) under 
heating in acidic condition. The M D A can react with thiobarbituric acid (TBA) to 
form a pink chromogen. The presence of hydroxyl radical scavengers can decrease the 
degradation of deoxyribose and thus reduces the pink chromgen formation. By 
measuring the formation of pink chromgen spectrophotometrically at 532nm, the 
hydroxyl radical scavenging activity of sample as compared with a negative control 
(water) can be measured. Since antioxidants can inhibit the degradation of 
deoxyribose by direct scavenging of hydroxyl radical and chelation of iron ions to 
prevent iron-dependent degradation. The use of E D T A in this assay is essential as it 
prevents the antioxidant to chelate the iron ions by forming an EDTA-iron complex 
with iron. This ensures the measurement of an antioxidant to prevent deoxyribose 
degradation by only scavenging of hydroxyl radical but not metal chelation. 
1.3.6 Assay for lipid peroxidation of rat brain homogenate 
This assay tests the ability of an antioxidant to inhibit the peroxyl 
radical-induced lipid peroxidation of lipids from rat brain and has different 
mechanisms as compared with erythrocyte hemolysis (Ng et al., 2000). A Fenton 
system is made by the incubation of iron(II) sulphate and ascorbic acid to generate 
free radical which attacks the rat brain lipids to produce peroxyl radicals. The peroxyl 
radicals cause lipid peroxidation which lead to the formation of a number of 
thiobarbituric acid-reactive substance (TEARS) such as M D A . Trichloroacetic acid 
(TCA) can stop the reaction and provide an acidic medium for T B A to react with 
TEARS under heating, leading to the formation of a pink chromogen. The presence of 
peroxyl radical scavengers can inhibit the lipid peroxidation to occur and reduce the 
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tormation of TEARS. Thus, by measuring the formation of the pink chromgen 
spectrophotometrically at 532nm, the inhibition of lipid peroxidation of rat brain 
homogenate by an antioxidant as compared with negative control (phosphate buffer) 
can be measured. 
1.3.7 Inhibition of low-density lipoproteins (LDLs) oxidation 
This assay measures the amount of TEARS formation in LDLs which can be 
used as an index of lipid peroxidation in LDLs (Ernster, 1993). In this assay, copper(II) 
ion is incubated with human LDLs for the initiation of LDLs oxidation. When the 
time of incubation increases, the formation of the breakdown product of LDLs 
oxidation, the TEARS, also increases. The reaction can be stopped by the addition of 
E D T A followed by the addition of TCA-TBA-HCl solution which lead to the 
formation of a pink chromogen. The presence of antioxidant which can inhibit the 
LDLs oxidation reduces the pink chromogen formation. Thus, by measuring the 
formation of pink chromgen spectrophotometrically at 532nm for the sample and the 
malonaldehyde (MDA) standard, the extent of TEARS can be expressed as nmol 
M D A / m g LDL. 
3 9 
Table 1.4. The inducers of oxidation, radical generated, targets of attack and mode of 
antioxidant function among different assays 
, T 1 Radical Mode of 
Assays Inducers Target of attack 
formed Antioxidant 
, Potassium ^ A B T S • + 
A B T S "assay " ABTS • + nil 
persulphate scavenging 
Inhibition of 
^ 1 Linoleic acid 
Beta-carotene Thermal coupled oxidation 
1 . Lipid radical and 
bleaching method energy of linoleic acid 
beta-carotene 
and beta-carotene 
Freely DPPH • 
D P P H assay DPPH • nil 
generated scavenging 
Cell membrane 
Erythrocyte … … Peroxyl Peroxyl radical 
A A P H of red blood 
hemolysis assay radical scavenging 
cell 
Hydroxyl radical Hydroxyl Hydroxyl radical 
Ascorbate and . Deoxyribose 
assay radical scavenging 
H2O2 
Inhibition of L D L 2+ Peroxyl Peroxyl radical 
. . Cu , PUFA of LDL 
oxidation radical scavenging 
Lipid peroxidation Fe^ -^
^ 1 . 1 Peroxyl PUFA of rat Peroxyl radical 
of rat brain Ascorbate . . 
radical brain lipid scavenging 
homogenate system 
4 0 
1.4 Analysis of phenolic antioxidants 
In search of the presence of phenolic compounds in mushrooms, part of this 
project targets on determinating of total phenolic content and characterizing the 
phenolic antioxidants using chromatographic methods. The following subsections 
introduce the principle of determination of total phenolic content, extraction of 
phenolic compounds, chromatographic fractionation of phenolic compounds and their 
characterization. 
1.4.1 Extraction of phenolic compounds 
Before any analysis of phenolic compounds for the samples, they have firstly to 
be extracted by solvent. Since different types of phenolic compounds have different 
polarities, they are soluble in different extractants. Therefore, choosing a suitable 
solvent is crucial for extracting the targeted types of phenolics (Waterman and Mole, 
1994a). 
For the extraction of phenolic acids, there are two main types of techniques. The 
first one involves solvent extraction after hydrolysis while the second one is the direct 
extraction without hydrolysis. Concerning the former technique, since phenolic acids 
usually occur in conjugated forms but not the unbound forms naturally, the hydrolysis 
process, either by acid or alkaline hydrolysis commonly, can release the bound acid 
forms of phenolic acids into free acid forms which allow the determination of total 
phenolic acid. The acid hydrolysis aims at breaking down the glycosidic linkage by 
heating the sample at 100°C with 2N hydrochloric acid for 2 hours or more (Lee and 
Widmer, 1996). The alkaline hydrolysis of the ester form of benzoic and cinnamic 
acid to release free acids can be achieved by incubating the sample with 2N sodium 
hydroxide at room temperature for 4 to 24 hours or 90 minutes at 60°C for more than 
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2 hours under nitrogen to prevent oxidation (Lee and Widmer, 1996). An acidification 
step is necessary following the alkaline hydrolysis as many phenolic compounds are 
readily oxidized in alkaline solution. Regarding the direct extraction without 
hydrolysis, this technique is adopted when fractionation and determination of different 
intact phenolic compounds in foods are required (Lee and Widmer, 1996). The 
solvents used for both extraction techniques are commonly pure methanol (Lim et al., 
2002), aqueous methanol or water (Waterman and Mole, 1996a), ethyl acetate and 
diethyl ether (Fernandez de Simon et al., 1992). The extraction of sample is most 
desirable extracted under reflux condition for obtaining a satisfactory yield. After the 
extraction, since phenolic acids are susceptible to light and oxidation, precautions 
such as storing under inert gas and keeping away from sunlight must be carried out for 
protecting the sample (Lee and Widmer, 1996). 
Concerning the extraction of flavonoids, the polar flavonoids which occur in 
form of glycosides or bound to some polar acyl group such as organic acids can be 
extracted by methanol, ethanol, isopropanol or acetone for achieving complete 
extraction (Lee and Widmer, 1996). Hot water is also used in some cases (Finger et al., 
1991). On the other hand, the less polar flavonoid such as those present in forms of 
aglycones or highly methoxylated aglycones are frequently extracted by less polar 
solvents such as chlorinated hydrocarbons, benzene, diethyl ether and ethyl acetate 
(Lee and Widmer, 1996). 
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1.4.2 Determination of total phenolic content 
The Folin-Ciocalteu method is one of the most popular methods for the 
determination of total phenolic content. Two reagents are involved in the 
determination. The first reagent is sodium carbonate which provides an alkaline 
medium for the reaction to take place. The second reagent is the Folin-Ciocalteu 
reagent which is composed of the sodium tungstate, phosphomolybdic acid and 
orthophosphoric acid. This method makes use of a redox reaction in which the 
phenolate ion of the phenolic compound is oxidized under alkaline conditions while 
reducing the phosphotungstic-phosphomolybdic complex in the Folin-Ciocalteu 
reagent to form a blue chromogen. The higher the amount of phenolate ions, the 
higher the intensity of the blue chromogen formed. By measuring formation of blue 
chromogen spectrophotometrically at 725nm for the sample and phenolic standard, 
the phenolic content was expressed in terms of the amount of the standard (Waterman 
and Mole, 1994a). 
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1.4.3 Chromatographic fractionation of phenolic compounds 
Concerning the column fractionation, Sephadex LH-20 is one of best stationary 
phases for the rapid separation of phenolic compounds (Wettasinghe et al., 2002). The 
Sephadex LH-20 gel has dual lipophilic and hydrophilic properties so that either 
normal phase chromatography or reversed-phase chromatography can be applied 
depending on the polarity of mobile phase. The particles of Sephadex LH-20 is 
cross-linked dextran gel with the introduction of isopropyl groups which confer its 
lipophilic property. The hydrophilicity is due to the numerous hydroxyl functional 
groups present. Theoretically, for the separation of phenolic compounds, it exerts the 
functions using both size-exclusion and normal-phase chromatographic separation 
mechanisms (Henke, 1995a). 
Concerning the size-exclusion chromatography, when the gel is swollen in pure 
solvent such as methanol, its exclusion limit is 4000 daltons. That means all 
compounds with a molecular mass of higher than 4000 daltons can only pass through 
the interparticle spaces between the gel particles and thus elute without separation. 
The high molecular weight compounds are mainly impurities of sample and so they 
will elute first for easy removal. For the compounds with molecular mass lower than 
4000 daltons, they will be separated in order of decreasing molecular size. In other 
words, the relatively low molecular weight compounds will elute last and vice versa 
(Henke, 1995a). 
Concerning the normal phase chromatography, it can separate the compounds 
with molecular mass lower than 1000 daltons, which most of the phenolic acids and 
flavonoids lay between. Owing to the presence of numerous hydroxyl groups in the 
gel matrix, the polar organic compounds can retain strongly while the non-polar 
compounds will elute along the column when low- to medium-polarity solvents such 
as methanol are used. Thus, the compounds can be separated in the mode of 
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increasing polarity (Henke, 1995b). 
Regarding the reversed-phase chromatographic separations, the mechanism is 
opposite to that of normal phase chromatography. The mechanism can also lead to the 
separation of compounds with molecular mass lower than 1000 daltons. Owing to the 
presence of numerous non-polar isopropyl groups of the gel, the relatively non-polar 
phenolic compounds are adsorbed more strongly by the gel while the relatively polar 
phenolic compounds will elute along with the polar mobile phase such as 
methanol/water and acetonitrile/water. This leads to the separation of polar phenolic 
compounds from the non-polar phenolic compounds so that the fractionation will be 
in order of decreasing polarity (Henke, 1995b). 
1.4.4 Characterization of phenolic compounds 
Concerning the characterization of phenolic compounds, chromatographic 
methods such as thin-layer chromatography (TLC), high-performance liquid 
chromatography (HPLC) and liquid chromatography-mass spectrometry (LC-MS) are 
commonly used to analyze a mixture of phenolic compounds from food extracts. The 
following subsections will briefly introduce the usage of TLC, HPLC and LC-MS in 
the analysis of phenolic compounds. 
1.4.4.1 Thin-layer chromatography (TLC) 
Thin-layer chromatography is one of the most common chromatographic 
methods for simultaneous separation and preliminary identification of phenolic 
compounds. For TLC, silica gel is a favorable stationary phase for the qualitative 
analysis of phenolic compounds by using different mobile phases such as ethyl 
acetate-propanol-ammonia, ethyl acetate-formic acid-water, acetic acid-petroleum 
ether-diethyl ether and chloroform-methanol-water (Babitskaya et al., 1996; Males 
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and Medic-Saric, 2001; Shahidi et al, 2001; Wettasinghe et al., 2001). After the 
elution of sample along with mobile phase, the phenolic compounds can be dectected 
by viewing under ultraviolet light (UV) either at short wavelength (254nm) or long 
wavelength (365nm) (Wettasinghe et aL, 2001). As phenolic compounds are aromatic 
they can always either fluoresce or quench U V light (Waterman and Mole, 1994b). 
Hence by absorbing short U V light, they can be detected as dark spots on silica gel 
impregnated with a fluorescent indicator (Harborne, 1984b). They appear as colored 
spots at long U V lights due to their fluorescent property (Farombi et al., 2000; 
Waterman and Mole, 1994b). To detect specific phenolic compounds, it is usually 
accompanying with the use of sprays. Two of the most common spraying reagents are 
iron(III) chloride-potassium hexacyanoferrate(III) reagent (Barton's reagent) and 
iron(III) chloride reagent. Phenolic compounds are detected as blue spot immediately 
after spraying with the Barton's reagents. On the other hand, after the spraying of 
iron(III) chloride reagent, phenolics with trihydroxyl groups give a distinct blue color 
and those with dihydroxy groups give a green color, while other phenolics give a red 
or brown color (Wanasundara et al., 1996). 
1.4.4.2 High performance liquid chromatography (HPLC) 
Currently, reversed-phased HPLC is the most powerful and reliable technique for 
the analysis of phenolic compounds when it is coupled with a U V diode array detector 
(DAD) (Tasioula-Margari and Okogeri, 2001). The HPLC system is composed of 
many units including pumps, mixer, sample injector, HPLC column, detector such as 
D A D detector and a computer. Concerning the running process of the system, after the 
sample is injected into the system by sample injector, the pump system will pump a 
single degassed solvent or degassed solvent mixture along with the sample into the 
column. In the column, the sample can be separated into different components which 
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elute out in different time. The compounds are monitored by the D A D detector as they 
come out from the column and the spectral data are recorded and stored in the 
computer (Waterman and Mole, 1994b; Harborne, 1984a). 
For the reversed-phase column, it can vary from 5-25cm in length and 4-6mm in 
internal diameter, with a typical flow rate of up to 2ml/min. The most common 
column packing material used for analysis of phenolic compound is reversed phased 
silica such as C-18 octadecyl silica (ODS) or more rarely C-8 O D S stationary phase. 
The particle size of the gel particle is commonly between 3-10|am in diameter 
(Waterman and Mole, 1994b). 
Theoretically, reversed-phase chromatography is an adsorptive process. With the 
use of gradient elution, the separation of phenolic compounds with different 
hydrophobicity can be achieved. In detail, the partition of phenolic compounds 
between the mobile phase and stationary phase depending on the polarity of the 
mobile phase. Initially, the mobile phase is highly aqueous (polar) so the phenolic 
compounds, which are relatively non-polar as compared with water, will be adsorbed 
on the hydrophobic reversed phase matrix. By decreasing the mobile phase gradually 
using organic modifier such as acetonitrile, the phenolic compounds will subsequently 
desorb from the matrix and elute from the column in order of decreasing polarity 
(Wilson and Walker, 2000). The phenolic compounds eluted at different retention time 
will have their U V absorption spectra detected by U V detector. By comparing the 
retention time and U V absorption spectrum of the unknown phenolic compounds and 
phenolic standards, the identity of the unknown can be found. 
1.4.4.3 Liquid chromatography-Mass spectrometry (LC-MS) 
Apart from U V detection, M S can be accompanied with HPLC for further 
identification of phenolic compounds. Using the mass detector, the mass 
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spectrometric data of the unknown phenolic compounds eluted at specific retention 
time and their fragments can be found. Coupling with the D A D information and 
retention time, the unknown antioxidant can be identified directly by comparing with 
standard phenolics (He, 2000). 
In the past, the M S techniques needed a vacuum pressure chamber to produce 
compound ionization. Recently, two M S techniques are introduced which can carry 
out ionization at atmospheric pressure. They are atmospheric pressure chemical 
ionization (APCI) and electrospray ionization (ESI). The ESI coupled to HPLC is now 
one of the most powerful techniques for the analysis of phenolic compounds 
(Perez-Magarino et al.’ 1999). 
Concerning ESI, it is a technique that employs the use of high electrostatic fields 
to cause the incoming LC effluent and sample to become a fine spray of highly 
charged droplets at atmospheric pressure. When the charged repulsion between 
droplets is higher than the surface tension, the droplets undergo fission into smaller 
droplets which lead to the release of ions. Negative and positive ions can be formed in 
the negative ion mode and positive ion mode, depending on the application of 
electrostatic fields. The ions formed are then sampled into the high vacuum of the 
mass spectrometer for detector of their molecular mass. In order to produce small 
droplet sizes (<l|Lim) required for efficient ionization, low solvent flow rates (5|aL/min) 
must be used. However, high flow rates of up to Iml/min can be used when a 
nebulizer gas, usually nitrogen, is used to aerosolize and dry the LC effluent with the 
aid of a desolvation heater. Generally, ESI is a soft ionization process, resulting in 
little or no fragmentation (Musser, 1999). However, a fragmentor voltage can be 
applied to break down the sample into smaller fragments for structural analysis 
(Perez-Magarino et al., 1999). 
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1.5 Objectives 
1. To screen two mushroom fruiting bodies from 14 mushrooms by evaluating the 
antioxidant activity of their methanol and water crude extracts in terms of 
beta-carotene bleaching, scavenging activity of DPPH radical and inhibition of 
erythrocyte hemolysis. 
2. To sub fractionate the methanol and water crude extracts of the two selected 
mushrooms by differential liquid-liquid partition and ethanol precipitation, 
respectively and evaluate their antioxidant activity in terms of scavenging activity 
of A B T S • + radical cation, scavenging activity of hydroxyl radical and inhibition 
of lipid peroxidation of rat brain homogenate. 
3. To further fractionate the subfractions in objective 2 that have potent antioxidant 
activity by column chromatography and evaluate their antioxidant activity in 
terms of scavenging activity of ABTS • + radical cation, scavenging activity of 
DPPH radical and inhibition of LDL oxidation. 
4. To characterize the chemical structure of mushroom antioxidants using 
chromatographic and spectrometric methods. 
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Chapter2: Material and Methods 
2.1 Sample preparation 
Fourteen edible mushrooms were selected for the project, 7 of them belonged to 
Pleurotus genus (Table 2.1). The other 7 mushrooms (Table2.2), belonged to 
Agrocybe, Agaricus, Coprinus, Flammulina, Grifola, Hypsizigus and Lentinus genera, 
respectively. 
The dried fruiting bodies of Pleurotus plumonarius (Pp), Pleurotus eryngii var. 
ferulae {Pevf), Pleurotus eryngii var. nebrodensis (Pevn), Pleurotus abalones (Pab), 
Pleurotus nebrodensis (Pne), Agrocybe aegerita var. albe (Aa), Coprinus comatus 
(Cc), Flammulina velutipes (Fv), Grifola frondosa (G/), Hypsizigus marmoreus (Hm) 
and Lentinus giganteus {Lg) mushrooms were provided by Sanming Mycological 
Institute in Fujian, China. 
The dried fruiting bodies of Pleurotus cornucopiae {Pc) and Agaricus blazei (Ab) 
and the fresh fruiting body of Pleurotus ostreatus {Po) mushroom were bought from 
local supermarket in Hong Kong in October 2001. The Po mushroom was then frozen 
in an ultra-low freezer (U85-18, So-low, USA) at -70°C and then freeze-dried by a 
freeze dryer (Labconco, England). 
All the samples were milled into powder through a 0.5mm sieve using a hammer 
mill (MFIO, IKA-WERKE, Germany). All the powdered samples were stored in 
airtight plastic bags inside a dessicator. 
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Table 2.1: Scientific and abbreviated names of the 7 chosen Pleurotus mushrooms 
• 
Scientific name 
i .Pleurotus plumonarius {Pp)   
l.Pleurotus eryngii (Pe) 6.Pleurotus ostreatus {Po) 
3 .Pleurotus eryngii var. ferulae {Pevf) 1 .Pleurotus nehrodensis (Pne) 
A.Pleurotus eryngii var. nebrodensis 
(Pevn) 
Table 2.2: Scientific and abbreviated names of the 7 chosen samples other than 
Pleurotus mushrooms 
Scientific name Scientific name 
—— ...... 
^.Agaricus blazei (Ab) 12.Grifola frondosa (G/) 
9.Agrocybe aegerita var. albe {Aa) \3.Hypsizigus marmoreus (Hm) 
10.Coprinus comatus (Cc) 14.Lentinus giganteus {Lg) 
11 .Flammulina velutipes (Fv) 
2.2 Sample extraction 
There were two parts of sample extraction, the extraction in section 2.2.1 was a 
small-scale extraction using an organic solvent (methanol) and an aqueous medium 
(water) sequentially to extract methanol-soluble antioxidants and water-soluble 
antioxidants, respectively, for the 14 mushrooms. The antioxidant activity of methanol 
and water crude extracts of each mushroom was evaluated in order to find out which 
mushrooms possessed relatively higher antioxidant activity. Section 2.2.2 was a 
scale-up extraction. 
2.2.1 Small-scale methanol and water extraction 
Powdered mushroom was sequentially extracted by methanol (analytical 
grade) and distilled water. For methanol extraction, the sample was refluxed under 
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heat using a Soxhlet apparatus (Soxtec System HT6, Tecator, Sweden). One to six 
grams of sample based on the bulk density of the mushroom samples was weighed 
into an extraction thimble, which was attached to the thimble adapter. Defatted cotton 
wool was put into the thimble for covering the opening. The thimble was inserted into 
the extraction unit within the apparatus. Fifty ml of pure methanol was added to an 
extraction cup with a 5:1 (v/v) extraction ratio to the sample and then inserted into the 
extraction unit. The sample in thimble was then immersed into the methanol and 
boiled for 60 minutes. The thimble was raised above the solvent and rinsed by 
condensed solvent for 60 more minutes. The extracts in methanol were collected and 
evaporated to dryness in a 40。C oven. The extracts were weighed and stored at 4。C 
refrigerator in nitrogen-filled bottles. The methanol-insoluble residue in the thimble 
was collected, air-dried and extracted by 100ml boiling water with heating and stirring 
for 6 hours. The mixture was cooled down and centrifuged at 10,000rpm by a high 
speed centrifuge (J2-M1, Beckman, USA) for 30 minutes to partially remove the solid. 
The aqueous portion was further filtered through filter paper (Whatman41, diameter 
110mm, Whatman, USA) under suction. The filtrate was frozen in an ultra-low 
freezer (U85-18, So-low, USA) at -70°C and then freeze-dried by a freeze dryer 
(Labconco, England). The dried crude water extract was weighed and stored inside a 
dessicator. The antioxidant activities of the mushroom's methanol and water crude 
extracts were evaluated by the beta-carotene bleaching method, scavenging activity of 
DPPH radical and inhibition of erythrocyte hemolysis (Figure 2.1.). 
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Figure 2.1: Small-scale extraction scheme and assays used for evaluation of 
antioxidant activity of mushrooms 
CFruiting body o ^ 14 mushrooms ^ 
Milling 
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1 r 
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extract J J 
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Evaluation in terms of beta-carotene bleaching, 
DPPH radical scavenging and 
Erythrocyte hemolysis 
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2.2.2 Large-scale methanol and water extraction and fractionation 
2.2.2.1 Large-scale methanol and water extraction 
Due to the relatively higher antioxidant activity of Aa and Pevf mushrooms 
(section 3.1), the powder of these two mushrooms was sequentially extracted by 
methanol and water in a relatively large scale as compared with section 2.2.1. Figures 
2.2 and 2.3 show the fruiting bodies of Aa and Pevf mushrooms, respectively. For the 
methanol extraction (Figure 2.4), a large-scale Soxhlet extractor (5 liters) was 
employed. Two hundred grams of Aa and Pevf were used to completely fill up two 
thimbles separately. The sample was heated under refluxed by 2L of methanol for 24 
hours with a sample to solvent ratio of 1:10 (w/v). The methanol crude extract was 
collected in a round-bottom flask and the solvent was removed under suction by a 
vacuum pump. 
The residue in the thimble was collected, air-dried and extracted by water with a 
sample to solvent ratio of 1:10 (w/v). The sample was extracted by 2L of water with 
constant heating and stirring for 4 hours. The mixture was cooled down and 
centrifuged at 10,000rpm by a high speed centrifuge (J2-M1, Beckman, USA) for 30 
minutes to partially remove the solid. The aqueous portion was further filtered 
through filter paper (Whatman41, diameter 110mm, Whatman, USA) under suction. 
The filtrate was frozen in an ultra-low freezer (U85-18, So-low, USA) at -70°C and 
then freeze-dried by a freeze dryer (Labconco, England). The residue was further 
extracted twice by water with similar procedures as above. The dried water crude 
extract was weighed and stored inside a dessicator. 
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2.2.2.2 Fractionation of crude extract 
2.2.2.2.1 Fractionation of methanol crude extract 
The methanol crude extract was completely dissolved in distilled water and then 
sequentially extracted by dichloromethane, ethyl acetate and water-saturated butanol 
by liquid-liquid partition in a separating funnel so that dichloromethane, ethyl acetate 
and butanol subfractions were obtained. The polarity of the solvent increased from 
dichloromethane to water-saturated butanol. The final aqueous portion remained after 
the fractionation was the water subfraction of the methanol crude extract (Figure 2.4). 
2.2.2.2.2 Fractionation of water crude extract 
The water crude extract was dissolved in water and then mixed with 4 volume of 
95% ethanol to give a 76% ethanol medium from which the high molecular weight 
substances were precipitated. Some of these precipitates were suspended on top while 
others were at the bottom. The suspended materials were collected by a sieve and 
washed with 50ml 76% ethanol twice to give the high molecular weight-low density 
( H M W L ) subfraction after frozen and freeze-dried. For those materials at the bottom, 
they were obtained by centrifugation at lOOOOrpm by a high speed centrifuge (J2-M1, 
Beckman, U S A ) for 30 minutes. The pellet was washed with 50ml 76% ethanol twice 
to give the high molecular weight-high density ( H M W H ) subfraction. The supernatant 
were substances that were soluble in 76% ethanol and they were frozen and 
freeze-dried after the removal of ethanol so that low molecular weight ( L M W ) 
subfraction was obtained (Figure 2.4). 
The antioxidant activities of the subfractions of methanol and water crude 
extracts as well as the methanol and water crude extracts of Aa and Pevf were 
evaluated by the scavenging activity of ABTS^+ cation radical, scavenging activity of 
hydroxyl radical and assay for lipid peroxidation of rat brain homogenate (section 2.4). 
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The total phenolic content of them was also measured (section 2.5). '' 
For the subfractions of crude water extract and the crude water extract, the total 、^  
carbohydrate content (section 2.6) and soluble protein content (section 2.7) were also 
measured. 
_ 
Figure 2.2: The fruiting bodies oiAgrocybe aegerita var. albe 
_ i S i - f S I 
Figure 2.3: The fruiting bodies of Pleurotus eryngii var. ferulae 
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Figure 2.4: Large-scale extraction scheme, fractionation of crude extracts and 
evaluation of antioxidant activity of Aa and Pevf mushrooms 
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2.3 Fractionation by column chromatography 
Due to the high antioxidant activity of the ethyl acetate and butanol subfractions 
of Aa mushroom, these two subfractions were further fractionated by column 
chromatography. The two subfractions were dissolved in methanol at 20mg/ml and 
were applied to a liquid chromatographic column (2.5 x 45cm) packed with Sephadex 
LH-20 (Pharmacia, Sweden) and eluted with methanol (Shahidi et al., 1997) at a flow 
rate of 0.8ml/min. The absorbance of the eluate was monitored at 280nm and 
collected in test tubes using a Pharmacia GradiFrac fraction collector (Pharmacia 
Biotech, Sweden). The eluates were combined according to the absorbance and thin 
layer chromatography (TLC) analytical results developed by a solvent system of ethyl 
acetate/propanol/ammonia (9:7:4, v/v/v) (Babitskaya et al., 1996) to produce four 
fractions for each subfraction: AEFl, AEF2, AEF3 and AEF4 for the ethyl acetate 
subfraction and ABFl, ABF2, ABF3 and ABF4 for butanol subfraction. The AEFl 
and ABF1 are the fractionated subfractions eluted first and vice versa. 
The antioxidant activities of the fractionated subfractions as well as the ethyl 
acetate and butanol subfractions of Aa mushroom were evaluated by scavenging 
activity of ABTS*+ cation radical, scavenging activity of DPPH radical and the 
inhibition of LDL oxidation. The total phenolic content were also determined 
(Figure 2.5) (section 2.4). 
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Figure 2.5: Column fractionation scheme and assays used for evaluation of 
antioxidant activity of subfractions of Aa mushroom 
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2.4 Assays for measuring antioxidant activity 
For screening the antioxidant activity of the methanol and water crude extracts of 
the 14 mushrooms in section 2.2.1, three assays were used for selecting those 
mushrooms possessed high antioxidant activity for further large scale extraction in 
section 2.2.2. The assays used for screening the antioxidant activity of methanol and 
water crude extracts of mushrooms were the beta-carotene bleaching method, the 
scavenging activity of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and the assay for 
erythrocyte hemolysis. 
Aa and Pevf mushrooms were selected for large scale methanol and water 
extraction in section 2.2.2. These extracts were fractionated into different subfractions 
which were evaluated for their antioxidant activity by the scavenging activity of 
A B T S • + radical cation, the scavenging activity of hydroxyl radical and the assay for 
lipid peroxidation of rat brain homogenate. The antioxidant activity of the methanol 
and water crude extracts of these subfractions were also evaluated by these assays as a 
comparison. 
The ethyl acetate and butanol subfractions of Aa mushroom were further 
fractionated due to their relatively higher antioxidant activity. The antioxidant activity 
of these fractionated subfractions were evaluated by the scavenging activity of DPPH 
radical, the scavenging activity of ABTS • + radical cation and the inhibition of 
low-density lipoprotein (LDL). The antioxidant activity of the ethyl acetate and 
butanol subfractions ofAa mushroom were also evaluated by these assays. 
2.4.1 Beta-carotene bleaching method 
The antioxidant activity of the methanol and water crude extracts of 
mushrooms in section 2.2.1 was evaluated by a modification of the beta-carotene 
6 0 
bleaching method described by Velioglu et al. (1998). A beta-carotene-linoleic acid 
solution was prepared by mixing 1ml of 0.2mg beta-carotene (Sigma) per ml 
chloroform solution with 0.2ml polyoxyethylene sorbitan monooleate (Tween 80) 
(Sigma) and 0.02ml linoleic acid (Sigma). After the chloroform was evaporated to 
dryness by blowing with nitrogen gas, 50ml of oxygenated distilled water produced 
by vigorous stirring at room temperature was added with mixing until all the reagents 
were dissolved into the water. An aliquot of 0.2ml of the mushroom methanol and 
water crude extracts (dissolved in methanol or water) was added to the mixture 
solution. T-butylhydroquinone (TBHQ)(lmg/ml) (Sigma) was antioxidant standard 
used as positive control while a negative control was prepared by adding 0.2 ml pure 
methanol or distilled water to the beta-carotene-linoleic acid solution instead of 
sample. A blank solution made by mixing 0.2ml Tween 80, 0.02ml linoleic acid and 
50ml oxygenated distilled water as well as 0.2ml pure methanol or distilled water was 
used for setting zero during the spectrophotometric measurement. The sample, blank, 
standard and control were incubated at 50°C for 2 hours. At 0 minutes, 30 minutes, 60 
minutes, 90 minutes and 120 minutes after incubation, 1ml of solution was pipetted 
into a cuvette from each of the mixture after well-shaken for measuring its absorbance 
at 470mn by a spectrophotometer (Genesys 5, Spectronic Instruments, USA) after 
zero adjustment with the blank. The bleaching rate of beta-carotene was calculated by 
the following equations: 
Bleaching rate (br) of sample = [In (Ao - A t)] /t (2.1) 
where Aq = absorbance of the sample at time 0 (absorbance was immediately measured 
after the addition of sample), At= absorbance of the sample at time t, and t = 30 or 60 
or 90 or 120 minutes of incubation at 50。C. 
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Bleaching rate (br) of standard = [In (Bo - B t)] /t (2.2) 
where Bq = absorbance of the standard at time 0, B t = absorbance of the standard 
minus absorbance of standard blank at time t, and t = 30 or 60 or 90 or 120 minutes of 
incubation at 50°C. 
Bleaching rate (br) of control = [In (a。- at)] /t (2.3) 
where ao = absorbance of the control at time 0, at= absorbance of control at time t, and 
t = 30 or 60 or 90 or 120 minutes of incubation at 50°C. 
Antioxidant activity (AA) of sample was expressed as percentage of inhibition 
relative to the control using the following equation: 
A A % = br of control- br of sample x 100 (2.4) 
br of control 
2.4.2 Scavenging activity of 1,1 -diphenyl-2-picrylhydrazyl (DPPH) 
radical 
The scavenging activity of DPPH radical for the mushroom crude extracts, the 
subfractions of methanol and water crude extracts and the fractionated subfractions 
were measured according to the method described by Chu et al. (2000) with some 
modifications. An aliquot of 1.0ml of O.lmM DPPH radical solution dissolved in 
methanol was mixed with 0.5ml sample extract of various concentrations. The 
concentrations used were ranged from 0.75mg/ml to 6mg/ml for the methanol and 
water crude extracts, 0.2mg/ml to 2mg/ml for the ethyl acetate and butanol 
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subfractions for Aa mushroom, ABF1,ABF3, ABF4 and AEFl, 0.2mg/ml to 4mg/ml 
for ABF2, 0.2mg/ml to Img/ml for AEF2, 0.05mg/ml to 0.5mg/ml for AEF3 and 
AEF4. The negative control was made by using methanol or water instead of the 
sample. Sample blanks were made by mixing the sample extracts with methanol 
D P P H solution for setting zero in the spectrophotometer. The reaction mixture was 
mixed and its absorbance at 520nm was measured using a spectrophotometer 
(Genesys 5, Spectronic Instruments, USA). T-butylhydroquinone (TBHQ)(1.5mg/ml) 
(Sigma) was used as positive control. The DPPH radical scavenging activity (%) was 
calculated by the following equation: 
Scavenging activity(%)={ l-(Ab52o in the presence of sample/ Ab52o in the presence of 
control) }x 100% (2.5) 
The effective concentration 50 ( E C 5 0 ) was also found which represented the 
concentration of sample having 50% of scavenging activity was also determined. 
2.4.3 Assay for erythrocyte hemolysis 
The peroxyl radicals scavenging effect for the methanol and water crude extracts 
(section 2.2.1) was measured by the evaluation of inhibition of erythrocyte hemolysis 
following the method described by Ng et al. (2000). 
Blood obtained from the posterior vena cava of male Sprague-Dawley rats of 
150-200 grams body weight was collected into a heparinized tube. The erythrocytes 
were centrifuged at 1499g (J2-M1 centrifuge, Beckman, USA) and washed for three 
times with 10 volumes of lOmM phosphate buffer saline (PBS) at pH7.4. During each 
washing, the plasma and buffy coat were removed by aspiration. The erythrocytes 
were obtained after the third time of centrifugation. They were then resuspended in 
PBS to yield a 20% erythrocyte suspension. 
The hemolysis was mediated by peroxyl radicals generated by 200mM 
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2,2'-azobis(2-amidinopropane)dihydrochloride (AAPH) (Wako) solution. An aliquot 
of 0.1ml of 20% erythrocyte suspension in PBS was added to 0.1ml of PBS solution 
containing different concentrations of mushroom crude extracts of different 
concentrations (l-5mg/ml). With the addition of 0.2ml of A A P H solution, the mixture 
was incubated at 37°C for 3 hours with gentle shaking. After the incubation, the 
sample mixture was mixed with 8ml PBS while 8 ml distilled water was added to the 
other mixture to cause complete hemolysis. The samples and control were centrifuged 
at 375g for 10 minutes and the absorbance (Ab) of the supernatants were measured at 
540nm by a spectrophotometer (Genesys 5, Spectronic Instruments, USA). The 
percentage inhibition of erythrocyte hemolysis was calculated by the following 
equation: 
Percentage inhibition(%)= 
{l-(Ab54o in the presence of sample/Ab54o in the presence of control)}x 100% 
where Ab54o was the absorbance at 540nm (2.6) 
2.4.4 Scavenging activity of ABTS • + radical cation 
The scavenging activity of 2,2'-azinobis-(3-ethylbenzthiazoline-6-sulphonic acid) 
radical cation (ABTS»+) of the crude extracts (section 2.2.2), the subfractions of 
methanol and water crude extracts and the purified fractions of Aa and Pevf 
mushrooms were measured according to the method described by Re et al. (1999) 
with some modifications. 
The A B T S reagent was prepared by mixing 5ml of 7 m M 2,2'-azinobis-(3-
ethylbenzthiazoline-6-sulphonic acid) (ABTS) (Sigma) with 88^1 of 140mM K2S2O8 
(Sigma). After the mixture was standing in the dark at room temperature for 12 to 16 
hours to allow the completion of radical generation, it was diluted with 95% ethanol 
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so that Its absorbance was adjusted to 0.70+0.05 at 734nm using a spectrophotometer 
(Genesys 5, Spectronic Instruments, USA). For the scavenging activity determination, 
1 ml A R T S reagent was mixed with lOjul of crude extracts, the subfractions of 
methanol and water crude extracts or negative control (solvent instead of sample), the 
absorbance was measured at 734nm at 6 minutes after the initial mixing using ethanol 
as blank. The inhibition percentage of the samples was calculated by the following 
equation: 
Inhibition percentage(%) 
={l-(Ab734 in the presence of sample/ Ab734 in the presence of control)}x 100% 
where Ab734 was the absorbance at 734nm. (2.7) 
Trolox (6-Hydroxy-2,5,7,8- tetramethyl-chroman-2-carboxylic acid) (Aldrich) of 
concentrations Omg/ml to 1 mg/ml in methanol were prepared as used as standard. A 
dose-response curve of inhibition percentage against different concentrations of 
standard was plotted. By comparing the inhibition percentage of sample with the 
curve, the antioxidant activity of sample can be expressed by the Trolox equivalent 
antioxidant capacity (TEAC) value which represented the amount (jj^ g) of Trolox 
having the same activity as 1 mg of sample. 
2.4.5 Scavenging activity of hydroxyl radical 
The scavenging activity of hydroxyl radical for the mushroom crude extracts and 
the subfractions of methanol and water crude extracts were measured by the 
deoxyribose method (Chu et al., 2000; Halliwell et al., 1987) with some modifications. 
One hundred microliters of different concentrations of the samples was mixed with 
690|jJ 2.5mM 2-deoxy-D-ribose (Sigma) which dissolved in 0.2M phosphate buffer 
saline (PBS) at pH 7.4. After an equal volume of 2.0mM iron (III) chloride (Unilab) 
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ill deaerated water was premixed with 2.08mM ethylenediaminetetra-acetic acid 
(EDTA) (Fluka) in 0.2M PBS, 100 \il of the mixture was added to the sample mixture. 
Then, 100|dl of l.OmM L(十)-ascorbic acid (Sigma) and 10|il H2O2 in deaerated water 
were added to the sample followed by 10 minutes incubation at 37。C. Afterwards, 
1.0ml cold trichloroacetic acid (2.8%w/v) (Sigma) was added to the mixture followed 
by 0.5ml 1% thiobarituric acid (Sigma). After 8 minutes incubation in 100。C water 
bath and cooling, the absorbance(Ab) of the mixture at 532nm was measured using a 
spectrophotometer (Genesys5, Spectronic Instruments, USA). Hydroxyl radical 
scavenging activity (%) was calculated by the following equation: 
Hydroxyl radical scavenging activity (%) 
={l-(Ab532 in the presence of sample/ Abssi in the presence of control)}x 100% (2.8) 
where Abssi was the absorbance at 532nm. 
Distilled water instead of sample was used as negative control while 
dimethoxysulphoxide (DMSO) (Sigma) was used as standard. All the samples and 
control were done in triplicate. 
The effective concentration 40 ( E C 4 0 ) was also found for the subfractions which 
represented the concentration of sample having 40% of scavenging activity. 
2.4.6 Assay for lipid peroxidation of rat brain homogenate 
The inhibition of lipid peroxidation of rat brain homogenate for the mushroom 
crude extracts and the subfractions of methanol and water crude extracts was assayed 
according to the method described by Ng et al. (2000) with some modifications. 
The brains of male Sprage-Dawley (SD) rats of body weight 150 to 200 grams 
were dissected and homogenized with a Polytron homogenzier in ice-cold Tris-HCl 
buffer (20mM, pH7.4) to produce a 1:2 (w/v) homogenate. The homogenate was 
centrifuged at 3000g for 10 minutes by a centrifuge (J2-M1, Beckman, USA). An 
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aliquot of 0.1 ml of supernatant was mixed with 0.2ml mushroom crude extracts or 
subfractions, followed by addition of 0.1ml of lO^M FeS04 (AnalaR) and 0.1ml of 
O.lmM L-ascorbic acid (Sigma); the mixture was incubated at 37。C for 1 hour. The 
reaction was stopped by adding 0.5ml trichloroacetic acid (TCA, 28%, w/v) (Sigma) 
and 0.38ml thiobarbituric acid (TBA, 2%, w/v) (Sigma) in succession followed by 
heating at 100°C for 20 minutes. After centrifugation at 3000g for 10 minutes to 
remove the precipitated protein, the absorbance of the supernatant containing the 
colored thiobarbituric acid reactive substances (TEARS) was measured at 532nm by a 
spectrophotometer (Genesys5, Spectronic Instruments, USA). Caffeic acid 
(0.25mg/ml) (Sigma) was used as a positive control and Tris-HCl buffer was used 
instead of sample as the negative control. The inhibition percentage of lipid 
peroxidation of the sample was calculated by the following equation: 
Inhibition percentage(%) 
={l-(Ab532 in the presence of sample/ Abssi in the presence of control)}xlOO% (2.9) 
where Abssi was the absorbance at 532nm. 
The inhibition concentration 50 ( I C 5 0 ) was also found for the subfractions which 
represented the concentration of sample possessed 50% of inhibition effect. 
2.4.7 Inhibition of human low-density lipoproteins (LDLs) oxidation 
2.4.7.1 Isolation of human LDLs 
Human LDLs were a gift kindly donated from Mr. C. H. Lee, Department of 
Biochemistry, C U H K prepared from fresh human blood samples collected from the 
Prince of Wales Hospital. The isolation of LDLs was carried out according to the 
method described by Zhang et al. (1997) using sequential flotation ultracentrifugation. 
E D T A and sodium azide were added to the blood so that their concentrations were 
0.10/0 and 0.05%, respectively to prevent oxidation of lipid and inhibit bacterial and 
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fungal growth (Edelstein and Scanu, 1986). The blood was centrifuged at 1500g at 
10。C for 15min to remove blood cells and cell debris so that the plasma was collected 
at the supernatant layer. For prevention of LDL, the centrifuge tubes containing the 
blood sample were purged with nitrogen. The density of the plasma was adjusted to 
1.019g/ml using a NaCl-KBr solution (153g NaCl, 354g KBr and lOOjug E D T A in IL 
of ultra-pure water giving a density of 1.33g/ml) (section 2.4.7.2). The mixture was 
purged with nitrogen and centrifuged at 160,000g at 4。C in an ultracentrifuge (XL-80, 
Beckman, USA) for 20 hours. After removing the very low-density lipoprotein 
(VLDL) and chylomicron at the top layer, the density of the remaining plasma was 
adjusted to 1.064g/ml by adding the NaCl-KBr solution. The mixture was further 
centrifuged at 160,000g at 4。C for 24hours. The top layer of the plasma was LDL 
which was then collected and filtered through a 0.2|Lim filter to remove virus and 
bacteria, followed by purging with nitrogen. The isolated LDL was stored at -70°C in 
a nitrogen filled tube. The protein content of the isolated LDL was determined by 
Lowry's method (Lowry et al., 1951) (section 2.4.7.3). 
2.4.7.2 Calculation of density 
The amount of NaCl-KBr solution added to the plasma for density adjustment 
was calculated by the following equation: 
V2 = VI(D-DI)/(D2-D) (2.10) 
Where Vi = Initial volume of plasma, V! = volume of NaCl-KBr solution needed to 
be added, D 二 final density of plasma, Di = initial density of plasma, D2 = density of 
NaCl-KBr solution. 
The density of NaCl-KBr solution was assumed to be 1.33g/ml while the densities of 
plasma and 0.15M saline were assumed to be 1.006g/ml. 
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2.4.7.3 Lowry's method for determination of protein content 
In the Lowry's method, reagents A and B were firstly prepared. Reagent A was 
made by adding 3g of NaiCOs to 96ml O.IN N a O H (4mg/ml) solution followed by 
the addition of 2ml of 4 % potassium sodium-tartrate as well as 2ml of 2 % CUSO4. 
Reagent B was prepared by a 1:1 (v/v) dilution of Folin-Ciocalteu reagent using 
ultra-pure water (Lowry et al., 1951). 
The stock L D L was first diluted to 20-folds. An aliquot of 0.2ml L D L solution at 
different concentrations was mixed with 2ml of reagent A. After 10 minutes 
incubation at room temperature, 0.2 ml of reagent B was added to the mixture. After 
vortex mixing, the mixture was further incubated at room temperature for 40 minutes. 
The absorbance of the mixture at 750nm was measured using a spectrophotometer 
(Genesys5, Spectronic Instruments, USA). A calibration curve of bovine serum 
albumin (BSA) (Sigma) at different concentrations (25-400|ug protein/ml) was 
constructed. The protein content of the diluted LDL was determined from the 
calibration curve. By multiplying the dilution factor (x20), the protein content of the 
stock L D L (|ag protein/ml) was determined. 
2.4.7.4 Preparation of reagents 
A dialysis buffer containing sodium azide (0.05%, w/v) (Merck), sodium 
chloride (0.9%, w/v), O.IM sodium phosphate and 10|aM E D T A (Fluka) in pH7.4 was 
prepared. The buffer was degassed by bubbling with nitrogen before used. 
A trichloroacetic acid-thiobarbituric acid-hydrochloric acid (TCA-TBA-HCl) 
solution was made by mixing 15g T C A (Sigma) and 0.67g T B A (Sigma) in 100ml 
O.lNHCl. 
A dilution buffer containing O.OIM sodium phosphate, 0.9% NaCl at pH 7.4 was 
buffer prepared. 
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2.4.7.5 Determination of thiobarbituric acid reactive substance (TEARS) 
The extent of inhibition of L D L oxidation by the ethyl acetate and butanol 
subfractions and their fractionated subfractions was measured by determined the 
formation of T E A R S using the method described by Buege and Aust (1978). The 
stock L D L solution (0.5mg/ml) was dialyzed against 100 volumes of dialysis buffer in 
the dark for 24 hours. The dialysis buffer was changed four times during the period. 
The dialyzed L D L was then diluted to 250^ig/ml using dilution buffer. An aliquot of 
0.4ml dialyzed L D L was incubated with 50|li1 of 50|uM C 1 1 S O 4 and 50jal of sample 
(0.5mg/ml) or ultra pure water (negative control) for 4, 12 and 36 hours at 37°C. The 
reaction was stopped by the addition of 25^1 of E D T A (1%, w/v) and the mixture was 
cooled at 4。C. The T E A R S was formed by adding 2ml TCA-TBA-HCl solution 
followed by heating at 95°C for 1 hour. After the mixture was cooled in an ice bath 
and centrifuged at 3000g (J2-M1 centrifuge, Beckman, USA) for 10 minutes to 
remove the precipitated protein, the formation of T E A R S in the mixture was 
determined by measuring its absorbance at 532nm. A calibration curve (0-30|uM) was 
constructed by using malonaldehyde (MDA) standard prepared from 
tetramethoxypropane (Aldrich). The extent of T E A R S was expressed as nmol 
M D A / m g LDL. Caffeic acid (Sigma) at 0.5mg/ml was used as a positive control. 
2.5 Total phenolic content 
The total phenolic content of the methanol crude extracts, methanol subfractions 
of Aa and Pevf mushrooms as well as the fractionated ethyl acetate and butanol 
subfractions of Aa mushroom was measured by the Folin-Ciocalteu method 
(Singleton and Rossi, 1965) with some modifications. One milliliter of sample 
solution was mixed with 1 ml of Folin-Ciocalteu reagent (Sigma). After 3min 
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incubation at room temperature, 1 ml of saturated NaaCC^ (35% aqueous solution) 
(Riedel-de Haen) was added to the mixture followed by the addition of 7ml of 
distilled water. The mixture was kept in the dark for 90min and its absorbance at 
72511111 was measured. A calibration curve was made by using different concentrations 
(0.01-0.4mM) of gallic acid (Sigma). The phenolic content was expressed as gallic 
acid equivalent (GAE) which reflected the phenolic content as gallic acid (// g ) in 
Img of sample. 
2.6 Total carbohydrate content 
The total carbohydrate content of the water crude extracts and water subfractions 
of Aa and Pevf in section 2.2.2 was measured by the phenol-sulphuric acid method 
(Dubois et al., 1956). An aliquot of 0.5ml sample solution was vortex-mixed with 
0.5ml of 5 % aqueous phenol solution. Concentrated sulphuric acid (BDH) (2.5nil) 
was added to the mixture with vortexing and the samples were incubated at room 
temperature for 30min. The absorbance of the samples at 490nm was measured using 
a spectrophotometer (Genesys5, Spectronic Instruments, USA). A calibration curve 
was constructed using D(+)-glucose (AnalaR) solution at difference concentrations 
(0-100//g/ml). 
2.7 Determination of protein content- the Biuret method 
The protein content of the water crude extracts and water subfractions of Aa and 
Pevf mushroom in section 2.2.2 was determined by the biuret method as described by 
Gornall et al with some modifications (Gornall et aL, 1949). The biuret solution was 
prepared by mixing 300ml of 10% sodium hydroxide solution (Riedel-de Haen) with 
1.5g CUSO4.5H2O (Sigma) and 6g of sodium potassium tartrate (Sigma) under stirring 
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and the solution was made up to 1 liter with distilled water. One mililiter of sample 
solution was mixed with 9ml of the biuret solution. After incubation at room 
temperature for 30min, the absorbance of the sample solution at 550nm was measured 
using a spectrophotometer (Genesys5, Spectronic Instruments, USA). A calibration 
curve was constructed using bovine serum albumin (BSA) (Sigma) solution at 
difference concentrations (O-lOmg/ml). 
2.8 Thin-layer chromatography (TLC) 
The methanol subfractions of Aa and Pevf mushrooms were analyzed by 
TLC. Twenty microliter of sample (5-20mg/ml) was spotted on a TLC plate coated 
with silica gel (Fluka, Switzerland) of 0.25mm thickness and the TLC plated was 
developed by the solvent system of ethyl acetate/methanol/water (10:2:1, v/v/v) 
(Cheung, 2001). After the removal of solvent by drying, the plates were viewed under 
U V light at 365nm and sprayed with 0.4mM D P P H radical (Sigma) in methanol for 
the detection of antioxidants. Two reagent systems were used to develop color spots 
on the TLC plates. Firstly, the plates were sprayed with Barton's reagent which was 
made by immediate mixing equal volume of 1% iron(III) chloride solution and 1% 
potassium hexacyanoferrate(III) solution. A blue color spot was formed in the 
presence of phenolic compounds (Barton et al, 1952). Secondly, the developed plates 
were sprayed with 2 % iron(III) chloride in ethanol followed by heating at 105。C for 5 
to 10 minutes. A blue color spot indicated the presence of phenolic compound with 
trihydroxy groups; green color spot indicated the presence of dihydroxyl groups while 
orange/red/brown color indicated the presence of other phenolic compounds. The Rf 
value of the different components in the samples were compared with the following 
phenolic acids: caffeic acid, (+)-catechin, catechol, chlorogenic acid, trans-cirmdimic 
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acid, p-coumaric acid, femlic acid, gallic acid, 3-hydroxybenzoic acid, kaempferol, 
myricetin, protocatechuic acid, quercetin, rutin, sinapic acid, syringic acid and vanillic 
acid. 
2.9 High performance liquid chromatography (HPLC) 
The subfractions of the methanol crude extracts (section 2.2.2) of Aa and Pevf 
mushrooms and the ethyl acetate and butanol subfractions of Aa mushroom as well as 
their fractionated subfractions (section 2.3) were analyzed by high performance liquid 
chromatography. 
2.9.1 Analysis of subfractions of methanol crude extract 
A Hewlett-Packard 1100 liquid chromatograph equipped with diode array 
detector (DAD) was employed for the analysis. The H P L C pumps, autosampler and 
D A D system were monitored and controlled using a HP Chem Station computer 
program. The system was connected to an analytical (250 x 4.6mm) Bio-Sil 
reversed-phase CI8 HL90-5 (5 jam) column (Bio-Rad, USA). Two solvents were 
used as mobile phases: Solvent A was acetic acid-water (5:95 v/v) and solvent B was 
acetonitrile. The elution profile was: 0-2min, 7 % B in A (isocratic); 2-60min, 7-80% 
B in A (linear gradient); 60-62min, 80-7% B in A followed by 5 minutes post-time 
running before the next injection. The flow rate of the solvent was 0.8ml/min. The 
wavelengths in the D A D were monitored at 260nm, 280nm and 310nm. Twenty 
microliters of sample solution (5mg/ml in methanol) were injected into the system 
using the auto-sampler. The retention times and U V spectra of the different 
components of samples were compared with the following phenolic acids: caffeic acid, 
chlorogenic acid, rra^ '^-cinnamic acid, p-coumaric acid, femlic acid, gallic acid, 
3 -hydroxybenzoic acid, n-phenylphenol, protocatechuic acid, sinapic acid, syringic 
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acid and vanillic acid. 
2.9.2 Analysis of fractionated subfractions and the subfractions of Pevf 
and Aa mushrooms 
A Waters 2690 H P L C system equipped with a Waters 996 Photodiode Array 
Detector (PDA) was employed for the analysis. The system was connected to an 
analytical (250 x 4.6mm) Alltima CI8 reversed-phase column (Alltech, USA). Two 
solvents were used as mobile phases: Solvent A was acetic acid-water (5:95 v/v) and 
solvent B was acetonitrile. The elution profile was: 0-2min, 7% B in A (isocratic); 
2-70min, 7-43% B in A (linear gradient); 70-100min, 43-80% B in A (linear gradient); 
100-102min, 80-7% B in A followed by 5 minutes post-time running before the next 
injection. The flow rate of the solvent was 0.8ml/min. The wavelengths in the P D A 
were monitored at 280nm, 310nm and 365nm. Twenty microliters of sample solution 
(Img/ml in methanol) were injected into the system using the auto-sampler. The 
retention times and U V spectra of the different components of samples were 
compared with the phenolic acid standards mentioned in section 2.9.1. 
2.10 Liquid chromatography- Mass spectrometry (LC-MS) 
2.10.1 Liquid chromatography 
The fractionated fractions of ethyl acetate and butanol subfractions of Aa 
mushroom were further analyzed by LC-MS. A Waters 2690 HPLC system equipped 
with Waters 996 Photodiode Array Detector (PDA) was employed for the analysis. 
The system was connected to an analytical (250 x 4.6mm) Alltima CI8 
reversed-phase column (Alltech, USA). Two solvents were used as mobile phases: 
Solvent A was acetic acid-water (5:95 v/v) and solvent B was acetonitrile. The elution 
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profile was: 0-2min, 7 % B in A (isocratic); 2-70min, 7-43% B in A (linear gradient); 
70-100min, 43-80% B in A (linear gradient); 10(M02min, 80-7% B in A with a flow 
rate of 0.8ml/min. The wavelengths in the P D A were monitored at 280nm, 310nm and 
365nm. Twenty microliters of sample solution (1 mg/ml in methanol) were injected 
into the system using the auto-sampler. The retention times and U V spectra of the 
different components of samples were compared with the following phenolic acids: 
caffeic acid, chlorogenic acid, rram^-cinnamic acid, p-coumaric acid, femlic acid, 
gallic acid, 3-hydroxybenzoic acid, protocatechuic acid, sinapic acid, syringic acid 
and vanillic acid. 
2.10.2 Mass spectrometry 
The analysis of samples and phenolic acids by M S were carried out as described 
by Perez-Magarifio et al. (1999) with modifications. A Micromass Z M D mass 
dectector (Micromass, England) equipped with an electrospray ionization (ESI) probe 
in negative ionization mode was operated. The ESI conditions were: desolvation gas 
(nitrogen) of 280 1/hr; desolvation temperature at 300°C； cone gas (nitrogen) of 100 
1/hr; source temperature at 100°C； capillary voltage at 3.5kV; sample cone voltage at 
120V and extraction cone voltage at 5V. The mass range was scanned from 50-1000 
a.m.u. The mass fragments of the different components of samples and standards were 
reported with respect to the retention time. 
2.11 Data analysis 
For the methanol and water crude extracts of the 14 mushrooms obtained in the 
small scale extraction (section 2.2.1), all the analysis were done in triplicate and data 
were expressed as mean values 土 standard deviations in the beta-carotene bleaching 
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method, the scavenging activity of 1,1 -diphenyl-2-picrylhydrazyl (DPPH) radical and 
the assay for erythrocyte hemolysis. The statistical analysis were done by the 
Statistical Package for Social Sciences (SPSS 11.0, 2001). 
For the crude extracts of Pevf and Aa mushrooms, subfractions of methanol and 
water crude extracts obtained in the large-scale extraction (section 2.2.2) as well as 
the fractionated subfractions obtained in column fractionation (section 2.3), all the 
analysis including the determination of antioxidant activity (2.4), total phenolic 
content (2.5), total carbohydrate content (2.6) and protein content (2.7) were done in 
triplicate and data were expressed as mean values 土 standard deviations. In addition to 
the statistical analysis done by SPSS, the mean value of data was also analyzed by 
one-way analysis of variance (One-way A N O V A ) and Tukey's pairwise means 
comparison test (Tukey) to detect significant difference (p< 0.05) between different 
groups of data that had more than two groups. For comparison of data between two 
groups, independent samples T-test was carried out to detect any significant 
differences (p< 0.05). Correlations were found by Pearson correlation coefficient in 
bivariate correlations. 
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CHAPTER 3: RESULTS AND DISCUSSION 
3.1 Small-scale extraction scheme 
3.1.1 Extraction yield 
The small-scale extraction was used to prepare methanol and water crude 
extracts of 14 mushroom samples for the purpose of measuring their antioxidant 
activity. 
Table 3.1 showed the extraction yield of the methanol and water crude extracts as 
well as the total extractable materials of the 14 dried mushroom samples. Concerning 
the total extractable materials, the extraction yields for most of the mushrooms 
belonging to Pleurotus genus were more than 50% dry weight (50.4-56.5%) except 
those of Pp (44.7%) and Po (33.4%) mushrooms (Table 3.1), showing a similar 
extraction yield. The total extractable materials of the 14 mushrooms ranged from 
33.4 to 61.5% dry weight and all mushrooms except Po showed high extraction yield 
(>40%). 
Concerning the methanol crude extract for all the 14 mushrooms, the extraction 
yields ranged from 14.3 to 36.6% dry weight and most mushrooms showed high 
extraction yields (>20%) except the Pevn, Po, Aa and Gf mushrooms. Generally, 5 out 
of 7 Pleurotus mushrooms showed high extraction yield. Concerning the extraction 
yields of the water crude extract, it ranged from 17.1 to 36.1% dry weight for all the 
14 mushrooms and most mushrooms were high in extraction yield (>20%) except Pe, 
Po, Pne, Fv and Lg mushrooms. Except Pevf and Pevn mushrooms, all Pleurotus 
mushrooms showed an extraction yield of approximately 20%. 
For comparing the extraction yield of methanol crude extract with some literature 
values, some similarities were found. The extraction yield of the methanolic extract of 
Po was 16.9% dry weight in the study carried out by Yang et al. (2002) which was 
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only 1.8% higher than our findings. In another study conducted by Mau et al. (2002), 
the extraction yield of methanolic extract of G/was 20.9% dry weight which was only 
3.70/0 higher than our findings. The extraction efficiency conducted in this project was 
similar with the studies conducted by other researchers. 
For some mushrooms such as Hm, the extraction yield of its methanol (32.0%) 
and water (29.5%) crude extracts were similar. On the other hand, mushrooms such as 
Pevn showed lower extraction yield of methanol crude extract (14.3%) than its water 
crude extract (36.1%). Likewise, mushrooms such as Pne shower higher extraction 
yield of methanol crude extract (36.6%) than its water extract (18.1%). There were 
several implications. First, some mushrooms such as Pevn and Aa contained large 
amounts of compounds that could be extracted more easily by water while some 
mushrooms such as Pne and Lg contained large amounts of compounds that could be 
extracted belter by methanol. And some compounds such as Hm and Po that 
contained similar proportion of compounds that could be extracted by water and 
methanol. Secondly, the extraction yield of the methanol and water crude extracts 
might largely depend on the different solubility of the compounds in water and in 
methanol. 
The extraction yield of methanol extract was the highest for Pne mushroom 
(36.6%) while that of water extract was the highest for Pevn (36.1%) mushroom. The 
yield of methanol crude extract was the lowest for Pevn (14.3%) mushroom while that 
of water crude extract was the lowest for Fv (17.1%) mushroom. No clear trend was 
observed between the extraction yields of methanol and water crude extracts of 
mushrooms belonged to either the same or different genus. 
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Tables. 1 ： Extraction yield of the methanol and water crude extracts of mushroom 
samples in the small-scale extraction scheme 
Extraction yield Extraction yield Total extractable 
Mushroom 
of methanol crude extract of water crude extract Materials" 
samples 
(% dry weight) (% dry weight) (% dry weight) 
Pp 20^6 — . 2 4 l 447 — 
Pe 36.2 19.7 55.9 
Pevf 25.1 31.4 56.5 
Pevn 14.3 36.1 50.4 
Pab 30.4 21.2 51.6 
Po 15.1 18.3 33.4 
Pne 36.6 18.1 54.7 
Ah 213 270 483 
Aa 15.4 27.8 43.2 
Cc 33.7 23.4 57.1 
Fv 31.9 17.1 49.0 
Gf 17.2 23.1 40.3 
Hm 32.0 29.5 61.5 
Lg 33.7 18.9 52.6 
a Total extractable materials 二 Extraction yield of methanol and water crude extracts 
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3.1.2 Assays for measuring antioxidant activity 
The antioxidant activity of the methanol and water crude extracts of the 14 
mushrooms were evaluated in order to select those mushrooms possessing relatively 
higher antioxidant activity for further analysis in the large scale extractions. Three 
assays were employed for the evaluation. They were the beta-carotene bleaching 
method, scavenging activity of DPPH radical and assay for erythrocyte hemolysis. 
The first assay is a non-specific method which measures the ability of the sample to 
prevent the oxidation of linoleic acid and beta-carotene. The second and third methods 
are specific methods which measure the ability of sample to scavenge DPPH and 
peroxyl radicals, respectively. 
3.1.2.1 Beta-carotene bleaching method 
Tables 3.2 to 3.7 showed the antioxidant activity of the methanol and water crude 
extracts of the 14 mushroom samples. Three concentrations (5, 10 and 20mg/ml) of 
extracts were selected and a dose-dependent relationship was generally found for 
different samples (Tables 3.2 to 3.7). When the sample concentrations were increased, 
the antioxidant activity increased generally. The highest concentration assayed for 
both the methanol and water crude extract was 20mg/ml which was the highest 
concentration soluble in the solvents used. 
Figure 3.1 shows the decrease in absorbance at 470nm which was contributed by 
the bleaching of beta-carotene as a result of the coupled oxidation of beta-carotene 
and linoleic acid for Aa mushroom and negative control. The absorbance was leveled 
off and attained zero at 120 minutes for the negative control while the absorbance for 
Aa mushroom decreased slightly from 0.758 to 0.673 (<10% decrease in absorbance) 
in a 120 minutes-incubation. The inhibition in the decrease in absorbance was shown 
for all the methanol and water crude extracts also. Thus, by measuring the antioxidant 
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activities of samples at 30, 60, 90 and 120 minutes intervals, the changes of 
antioxidant activity of the mushroom crude extract at the whole time course could be 
reflected. In some studies, this assay was used to reflect the presence of pro-oxidants, 
which assisted the oxidation process and the thermal stability of antioxidants of plant 
extracts. In the study conducted by Gazzani et a/.(1998), plant extracts such as celery 
showed an initial pro-oxidant effect (-100%) and finally an antioxidant effect (25%) 
during the incubation of sample at 50。C for 10 and 30 minutes, respectively. It was 
suggested that prooxidants such as peroxidases which increased the rate of oxidation 
initially were inactivated by the high temperature while the antioxidants presented 
were thermal stable. Thus the antioxidant activity of celery increased along time. On 
the other hand, the result reported by Gazzani et al. (1998) also evaluated the 
antioxidant activity of the aqueous extract of the mushroom Agaricus campestris. The 
antioxidant activity of this mushroom was stable which only changed from 93%, 94% 
and 95% at 10, 20 and 30 minutes' measurement, respectively. It is suggested that 
there was virtually no pro-oxidants presented in the aqueous extract of A. campestris 
and its antioxidant activity was hardly influenced by time and its the water-soluble 
antioxidants were thermal stable (Gazzani et al., 1998). Similar results were obtained 
in the present project as described below. 
For the water crude extracts, the antioxidant activity of the mushroom samples at 
different time intervals were similar for all the samples. For example, the antioxidant 
activity of Pevf at 5mg/ml ranged from 86.3% to 88.3% at the 4 time intervals, the 
difference was only 2 % (Table 3.5). Thus, generally for the samples, the antioxidant 
compounds in the water crude extracts were thermal stable and there was virtually no 
pro-oxidants in the extracts which increase the rate of oxidation. 
For the methanol crude extracts, the antioxidant activity of the samples decreased 
slightly during the time interval which might due to the fact that the antioxidants 
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presented could not function persistently in the system as some of the antioxidants 
might be degraded by heat. 
When comparing the antioxidant activity of the methanol and water crude 
extracts of the same mushroom, the water extract often showed relatively higher 
antioxidant activity than that of methanol extract (Tables 3.2 to 3.7). At 5mg/ml, the 
antioxidant activity of the water and methanol crude extracts ranged from 74.2% to 
93.3% and 8.58% to 86.8%, respectively at 30 minutes. At lOmg/ml, the antioxidant 
activity of the water and methanol crude extracts ranged from 85.0% to 96.1% and 
45.2% to 90.1%, respectively at 30 minutes. At 20mg/ml, the antioxidant activity of 
the water and methanol crude extracts ranged from 89.0% to 99.2% and 68.9% to 
96.6% respectively at 30 minutes. Also, the antioxidant activity of the water extract at 
5mg/ml of the Pp, Pevf and Lg mushrooms were 86.0%, 86.3% and 84.8%, 
respectively at 30 minutes which were relatively higher than that of the methanol 
extract of those mushrooms (57.3% for Pp, 71.0% for Pevf and 52.3% for Lg). This 
result was also observed for most of the other mushrooms. It might be that under the 
condition used, the antioxidant compounds in the water crude extracts which were 
more soluble in water could function better in the aqueous phase while the antioxidant 
compounds in the methanol crude extracts which were less soluble in water could not 
function efficiently in the aqueous phase due to lower solubility. 
Concerning the antioxidant activity of different mushrooms, generally, most 
mushrooms showed high antioxidant activity in inhibition of beta-carotene bleaching. 
At 5mg/ml, the antioxidant activity of the water crude extract ranged from 74.2% to 
93.3% at 30 minutes (Table 3.5). At 20 mg/ml, the antioxidant activity of the 
methanol crude extract ranged from 68.9% to 96.6% at 30 minutes (Table 3.4). The 
high antioxidant activity has also been shown by the study of A. campestris (93% to 
95 % ) by Gazzani et W.(1998). 
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For the methanol crude extract, the difference in antioxidant activity was more 
obvious at low concentration (Table 3.2). At 5mg/ml, Ab, Pevf and Aa mushrooms 
showed the relatively highest, second highest and third highest antioxidant activity, 
respectively throughout the whole time course as compared with other mushrooms. At 
lOmg/ml (Table 3.3), Ab Fv and Pevf mushrooms showed the relatively highest 
antioxidant activity respectively. At 20mg/ml (Table 3.4), Ab, Aa, Pevf, and Pp 
(>90.0%) mushrooms showed the relatively highest antioxidant activity, respectively. 
As a result, the methanol crude extract of Ab, Pevf and Aa mushrooms showed 
relatively higher antioxidant activity than other mushroom samples in this method. 
For the water crude extract, all mushrooms showed antioxidant activity of more 
than 70% (Tables 3.5 to 3.7). At 5mg/ml, Aa mushroom showed the highest 
antioxidant activity throughout the whole time course as compared with other 
mushrooms (Table 3.5). Ab, Fv and Pp mushrooms also showed relatively highest 
antioxidant activity than all the other mushrooms generally except Aa mushroom. At 
lOmg/ml, Aa mushroom showed the highest antioxidant activity in general (Table 3.6). 
Ab, Hm, Gf, and Fv mushrooms also showed relatively potent antioxidant activity 
than all the other mushrooms generally except Aa mushroom. At 20mg/ml, all the 
mushrooms showed the antioxidant activity of higher than 90% except that of Lg at 30 
minutes (Table 3.7). Ab, Aa, Gf and Hm mushrooms showed relatively higher 
antioxidant activity. Generally for the water crude extract, Aci and Ab mushrooms 
showed the highest antioxidant activity in this method. 
Concerning the antioxidant activity of the standard T B H Q at 1.5mg/ml, the 
antioxidant activity was stable and only changed slightly from 95.5%, 96.4%, 96.3% 
to 96.1% at 30, 60, 90 and 120 minutes, respectively (Table 3.4). Some mushroom 
crude extracts showed similar antioxidant activity as compared with the standard such 
as the methanol crude extract of Ab (96.4% to 96.6% ) at 20mg/ml and the water 
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crude extract of Aa (96.1-97.8%) at lOmg/ml (Tables 3.4 and 3.6). However, a higher 
concentration of both methanol and water crude extracts had to be used for attaining 
similar antioxidant activity as TBHQ. This suggested that the mushroom crude 
extracts were a mixture of compounds which consisted of antioxidant components and 
non-antioxidant components. Thus, fractionation of crude extracts had to be done in 
order to separate the antioxidant components from the non-antioxidant components so 
that the dose-effectiveness of the extracts might be increased. This could be achieved 
by liquid-liquid partition for the methanol crude extracts (section 2.3.1.1) and ethanol 
precipitation for the water crude extracts (section 2.3.1.2). 
Overall, in this method, both the methanol and water crude extracts of Aa and Ab 
mushrooms showed the strongest inhibition of beta-carotene bleaching and linoleic 
acid autooxidation. Besides, the methanol crude extract of Pevf mushroom and the 
water crude extracts of Gf and Fv mushrooms also showed the strongest inhibition of 
beta-carotene bleaching and linoleic acid autooxidation. 
Figure 3.1. The decrease in absorbance of Aa-water crude extract at 5mg/ml 
and negative control in the beta-carotene bleaching method 
-：—-—s. 1 
0.7 B w I  
\ I   
^ 0.6 \  
1 0.5 
I - ： \ 一 二:…：一 + Control 
_g 0.4 
M n^ - V  
C UJ — ~ 
0 2 — 
AA-water 
0.1 “ ^ “ ^ crude extract 
g 1—:——… I • - 1 ' ' ' I I., • “厂 . . , „ _ . . i 1 I 
0 20 40 60 80 100 120 140 
Time (minutes) 
84 
Table 3.2: Antioxidant activity (%) of the methanol crude extract of mushrooms at 
5mg/ml in beta-carotene bleaching method 
^ , Time (minutes) 
^ o yv^ VA 1 ^  Q 
3 0 6 0 9 0 1 2 0 
h 573'±Ta7 519+5^70 48^9+5^55 •而王石：万厂‘-
Pe 8.58+4.50 8.02+3.91 8.71±2.03 6.46±4.71 
Pevf 7 1 . 0 + 4 . 9 8 7 1 . 1 ± 3 . 7 9 7 0 . 0土 3 . 6 0 6 6 . 2 ± 4 . 3 8 
Pevn 4 7 . 6 土 8 . 9 4 4 8 . 3 ± 5 . 1 8 4 2 . 0 ± 8 . 9 2 3 4 . 4 ± 1 0 . 9 
Pab 53.0±5.94 53.7+6.83 51.0+7.92 45.2±8.12 
Po 44.7±13.2 43.0±11.6 39.2±11.5 37.4±10.5 
Pne 35.9±21.7 27.2±29.2 22.9±30.5 15.9±28.7 
Ab 8 6 . 8 + 2 . 6 9 8 0 . 7 + 3 . 3 4 7 5 . 3土 5 . 2 7 7 3 , 6土 3 . 5 6 
Aa 62.6+2.99 61.8±3.85 60.8+4.11 59.7±3.93 
Cc 62.0±5.85 59.1±4.41 55.3±5.20 48.7+3.34 
Fv 55 .4±6 .20 51.4土7.26 53.0土6.96 50 .5+6 .59 
Gf 40 . 9±5 .76 30 .5±4 .32 30.0土 5 .41 27 .3±4.11 
Hm 38.K12.8 34.9±12.4 27.9±12.3 24.5±11.0 
Lg 52 .3 土 12.8 44 .8±10 .9 40 .3±11 .2 36 .9±10 .7 
TBHQ(l .5mg/ml) 95.5±2.26 96.4±2,65 96.3+2.46 96.1±2.47 
Mean土 Standard deviation of triplicate measurement 
:The three mushrooms possessed the highest antioxidant activity were 
highlighted. 
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Table 3.3: Antioxidant activity (%) of the methanol crude extract of mushrooms at 
1 Omg/ml in beta-carotene bleaching method 
。 1 Time (minutes) 
Samples — , 
30 60 90 120 
Pp 77.万 77T+3T74— — 
Pe 45.2±10.6 44.1±10.3 42.3±11.5 42.1±10.3 
Pevf 78 . 4±3 .65 81 .1+2 .12 80 .8土4.56 77 . 7+5 .09 
Pevn 76 . 6±1 .99 78 .2±1 .22 76 .8+2 .67 75 . 5±1 .58 
Pab 73 .1±11 .6 75 .8±3 .75 74 .4+2 .62 70 .5±2 .28 
Po 68 . 7±6 .04 70 .8±6 .78 69 .3±7 .87 66 .7±8 .40 
Pne 67 . 0±7 .17 64 .0±8 .22 59 .4±10.1 52 .7±9 .43 
Ab 90 .1+4 .28 94 .3±1 .35 94 .7±1 .62 92.1 土 1.31 
Aa 82 .0 土4.98 82 .5+5 .10 83.0土 5 . 87 83 .1+5 .55 
Cc 75.5±6.99 75.6±7.28 73.6±7.50 70.6±7.88 
Fv 79 .4+4 .27 77 .2±5 .18 79 .4+5 .10 78 . 5±5 .62 
Gf 49.9±L83 45 .0±7 .23 43.7±6.55 39.9±7.11 
Hm 67.8±8.23 68.3±8.03 63.7±9.05 60.7±9.04 
Lg 68 .1±3 .71 67 .5±5 .19 66.2±6.91 64 .5±7 .36 
TBHQ(1.5mg/ml) 9 5 . 5 ± 2 . 2 6 9 6 . 4 ± 2 . 6 5 9 6 . 3 ± 2 . 4 6 96.K2.47 
Mean土 Standard deviation of triplicate measurement 
:The three mushrooms possessed the highest antioxidant activity were 
hi ghlighted 
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Table 3.4: Antioxidant activity (%) of the methanol crude extract of mushrooms at 
20mg/ml in beta-carotene bleaching method 
。 1 Time (minutes) 
Samples 
30 60 90 120 
Pp 90.0±iT26 —89^8+1722 903+139 
P e 6 8 . 9 ± 4 . 4 3 7 0 . 1 ± 4 . 8 9 7 0 . 4 ± 3 . 8 5 7 1 . 5 ± 2 . 6 2 
Pevf 91.7±0.682 93.9±2.04 93.8±1.15 92.0+0.056 
Pevn 86.8±1.68 88.5±1.10 89.4±1.56 89.1±1.81 
Pab 85.2±1.62 88.2±1.01 87.3±1.65 85.5+2.31 
Po 80.5±2.40 86.3+2.81 87.1±2.46 87.6±1.89 
Pne 80.0±3.14 83.0+2.30 83.0±2.29 79.2±2.49 
Ah 96.6±0.798 96.4±1.81 96.6±1.25 96.6±0.853 
Aa 89.7±1.72 91.8±0.610 93.5±0.270 93.9±0.106 
Cc 88.3±2.42 89.3±1.19 88.9±1.38 88.1±1.67 
Fv 89.6+2.30 89.1±1.12 90.6±1.42 90.4±1.75 
Gf 80 .6 土 1 .79 79 .1±1 .77 77 .1±1 .20 75 .1±1 .86 
Hm 83 .0±3 .90 84 .7±1 .98 82 .7±2 .70 81.4土 2 .43 
Lg 82 .2±2 .48 84 .4±2 .37 85 .0±1 .92 84.4土 2 . 38 
T B H Q ( l . 5 m g / m l ) 95.5+2.26 96.4±2.65 96.3+2.46 96.1+2.47 
Mean+ Standard deviation of triplicate measurement 
:The three mushrooms possessed the highest antioxidant activity were 
highlighted 
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Table 3.5: Antioxidant activity (%) of the water crude extract of mushrooms at 
5mg/ml in beta-carotene bleaching method 
。 1 Time (minutes) 
S amp 1 e s ^^  ^ 
30 
Pp 86 .0+6 .60 86 .2±2 .83 91.0土 18.0 91 . 2±1 . 76 
Pe 78.0+4.25 81.5±3.30 80.8±3.54 76.6±4.17 
Pevf 86 . 3+3 .54 89 .0±1 ,28 89 .6±1 .57 88 .3±1 .68 
Pevn 82 .7+7 .15 78 .9±2 .65 79 .4±2 .80 78.6土 3 .25 
Pab 84 .8±4 .85 86 .7±3 .99 87 .9±2 .70 88 .5±2 .70 
Po 8 5 . 9 ± 1 . 1 2 8 7 . 2 ± 0 . 7 5 9 86.9+0.836 8 5 . 1 + 0 . 9 6 3 
Pne 75 . 7±1 .20 80 .6±1.53 81 .9±1 .20 81 .9±1 .38 
Ab 91 . 6±6 .30 90 .1±1 .55 89 .6±1 .52 88 .8±1 .50 
Aa 93 .3+0 .813 95.1+2.48 94 .3±0 .591 94 . 0±0 .800 
Cc 78.9±4.56 82.0±3.47 82 .4+4.10 82 .0±4 .45 
Fv 87 .7±7 .08 9(15±6.81 89 .7±4 .60 88.9土 5 . 29 
Gf 84 .6+5 .95 86 .3±5.15 87 .4±4 .86 87.4土 5 . 77 
Hm 74 . 2+5 .42 77 .7±6 .78 79 .4+6.73 78 .4±7 .80 
Lg 84 .8±2.01 86 .8±1 .48 87 .1±1 .64 83 .4±2 .20 
TBHQ(l .5mg/ml) 95.5+2.26 96 .4+2.65 96.3±2.46 96.K2.47 
Mean土 Standard deviation of triplicate measurement 
:The three mushrooms possessed the highest antioxidant activity were 
highlighted 
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Table 3.6: Antioxidant activity (%) of the water crude extract of mushrooms at 
lOmg/ml in beta-carotene bleaching method 
。 1 Time (minutes) 
Samples … 
30 60 90 120 
Pp 93.7±3.14 89^9±2'^8T'——910+^15——一飞^^工丄]〒一一.. 
Pe 85.0±1.97 88.1+4.47 86.2±2.48 83.5+3.02 
Pevf 94.1±4.03 95.1±1.34 95.1+0.826 93.4±0.351 
Pevn 86.8±5.36 89.1+4.57 89.2±4.31 89.0±4.20 
Pah 93.8+2.17 95.6+2.31 95.3+0.828 95.8±0.855 
Po 88.8+2.81 91.7±4.14 90.6±2.76 90.1+2.39 
Pne 89.6±2.28 93.0±1.87 93.7±1.69 94.3±1.50 
Ah 95.0±2.53 95.9±1.44 96.1±1.35 96.0±1.43 
Aa 96.1±1.97 97.5±1.67 97‘7±1.35 97.8±1.44 
Cc 87.4+3.31 92.2±1.26 94.2+0.792 94.5+0.858 
Fv 90.6±3.92 95.6±2.08 96.5±1.42 97.2±1.00 
Gf 94 .8±1 .95 96 .4±1 .68 97.1 土0.595 96 .9±1 .41 
Hm 94 . 8±0 .984 96 .7±1 .03 97 .6土0.708 98.G+0.342 
Lg 86.9±3.50 86.6±5.49 86.0+6.35 81.7±8.27 
T B H Q ( l . 5 m g / m l ) 9 5 . 5 ± 2 ‘ 2 6 96.4±2.65 96.3±2.46 9 6 . 1 ± 2 . 4 7 
Mean土 Standard deviation of triplicate measurement 
:The three mushrooms possessed the highest antioxidant activity were 
highlighted 
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Table 3.7: Antioxidant activity (%) of the water crude extract of mushrooms at 
20mg/ml in beta-carotene bleaching method 
。 1 Time (minutes) 
Samples _____________________ 
30 60 90 120 
Pp 94^8+141 —95；0±187 ；^运[召 际]丑:•^】 
Pe 90.7±0.800 91.9+0.308 92.1±1.22 90.7±1.67 
Pevf 97.1+2.15 98.1±1.24 98.4±0.693 97.1±0.255 
Pevn 91.8 土 1.08 94.1+0.852 94.6±0.983 94.8±0.785 
Pab 91.6 土9.40 95.8+4.49 97.5+2.45 97.9±1.64 
Po 92.1±0.588 93.3+0.537 93.1+0.481 91.1±5.50 
Pne 93.5±1.36 96.4±0.845 96.4±1.30 97.0±1.14 
Ah 99 . 2±0 .755 99 , 4±0 .406 99 .5±0 .308 99.6土 0 . 261 
Aa 9 8 . 6±1 . 09 99 . 1±0 .676 99 . 3±0 .496 99.2土 0 . 473 
Cc 93.4±2.02 95.6±1.06 95.9±0.978 96.2±1.46 
Fv 92 .7+5 .87 96 .5±1 .94 97 .4±0 .954 97.4土 0 . 620 
Gf 97,9±0.336 98.4+0.397 98.9±0.291 98.7±0.708 
Hm 9 5 . 3 土 3 . 6 5 97.6土 1 .84 9 8 . 6 ± 1 . 0 8 9 8 . 8 + 0 . 9 6 2 
Lg 89 .0+5 .23 92.0士 4 .75 92 .6±5 .07 90 .8±6 .25 
T B H Q ( 1 . 5 m g / m l ) 95 . 5±2 .26 96 .4±2 .65 96 .3+2 .46 96.1 土 2 . 47 
Mean+ Standard deviation of triplicate measurement 
:The three mushrooms possessed the highest antioxidant activity were 
highlighted 
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3.1.2.2 Scavenging activity of DPPH radical 
Tables 3.8 and 3.9 show the D P P H radical scavenging activity of the methanol 
and water crude extracts of the mushroom samples, respectively. The correlation 
coefficient (R) between the scavenging activity and the concentration of the two crude 
extracts was also tested. There was a strong and positive correlation of R higher than 
0.98 found in 10 of the mushrooms for both methanol and water crude extracts. Such 
positive correlation between the scavenging activity and the concentration of 
mushroom had also been shown in other studies (Yang et al., 2002; Man et al., 2002). 
The D P P H radical scavenging activity of methanol extract of Pleurotus ostreatus 
increased from 0 % to 91.8% when the concentration increased from 0 to 6.4mg/ml 
(Yang et al., 2002). Also, the D P P H radical scavenging activity of methanol extract of 
Hericium erinaceus (lion's mane) increased from 0 % to 67.8% when the 
concentration increased from 0 to 6.4mg/ml (Mau et al., 2002). For the methanol 
extract of Aa mushroom, the increase of DPPH radical scavenging activity was only 
slight when increasing the concentration of extracts from 3mg/ml (95.2%) to 6mg/ml 
(95.8%) in the present study. This might be due to the fact that the amount of 
antioxidant compounds presented in the extract had already provided maximum 
scavenging effect at 3mg/ml so that a further increase in concentration of extract 
could not provide a much higher scavenging effect. Also, the presence of interfering 
substances may also inhibit the radical scavenging activity when their amount 
increases. 
Concerning the comparison of radical scavenging activity of the methanol crude 
extract among different mushrooms, Aa and Pevf mushrooms showed excellent 
scavenging activity in the whole range of concentrations assayed (Table 3.8). For Aa 
mushroom, it showed the highest radical scavenging activity at 0.75mg/ml (48.4%), 
1.5mg/ml (79.9%) and 3mg/ml (95.2%) as well as the third highest radical scavenging 
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activity at 6mg/ml (95.8%). For Pevf mushroom, it showed the second highest radical 
scavenging activity at 0.75mg/ml, 1.5mg/ml and 3mg/ml and third highest scavenging 
activity at 6mg/ml among different mushrooms. At 0.75mg/ml, 1.5mg/ml, 3mg/ml 
and 6mg/ml, the radical scavenging activity was 28.0%, 47.5%, 84.4% and 96.1%, 
respectively. At 6mg/ml, Pp mushroom showed the second highest radical scavenging 
activity at 6mg/ml (96.8%). At 0.75mg/ml and 1.5mg/ml, Pevn showed the third 
highest radical scavenging activity which was 25.8% and 45.5%, respectively. At 
3mg/ml, Po showed the third highest radical scavenging activity which was 78.0%. 
Concerning the comparison of radical scavenging activity of the water crude 
extract among different mushrooms, Ab, Pevf, Gf and Aa mushrooms showed 
excellent radical scavenging activity in the whole range of concentrations assayed. 
For Ab mushroom, it showed the highest radical scavenging activity at 0.75mg/ml 
(40.0%) and 1.5mg/ml (78.3%) (Table 3.9). For mushroom, it showed the third 
highest radical scavenging activity at 0.75mg/ml (24.7%), second highest radical 
scavenging activity at 3mg/ml (85.2%) and the highest radical scavenging activity at 
6mg/ml (89.4%). For Gf mushroom, it showed the second highest radical scavenging 
activity at 0.75mg/ml (26.0%) and 1.5mg/ml (55.4%), the highest radical scavenging 
activity at 3mg/ml (85.3%) and the third highest radical scavenging activity at 6mg/ml 
(86.9%). For Aa mushroom, it showed the third highest radical scavenging activity at 
1.5mg/ml (52.8%) and 3mg/ml (84.8%), as well as the second highest radical 
scavenging activity at 6mg/ml (89.1%). 
For comparing the radical scavenging activity of standard T B H Q at 1.5mg/ml 
and mushroom crude extracts, T B H Q showed much higher radical scavenging activity 
than all the mushroom crude extracts at the same concentration. The radical 
scavenging activity of the methanol crude extract of Aa (95.2%) at 3mg/ml and the 
water crude extract of Pevf (89.4%) at 6mg/ml showed similar radical scavenging 
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activity as T B H Q at 1.5mg/ml. Obviously, a higher concentration of both methanol 
and water crude extracts had to be used for attaining similar antioxidant activity as 
T B H Q . It reflected that the mushroom crude extracts were a mixture of compounds 
which consisted of radical scavenging components and non-radical scavenging 
components. 
Overall, both the methanol and water crude extract of Aa and Pevf mushrooms 
showed the highest radical scavenging effect against D P P H radical among different 
mushrooms. The methanol crude extract of Pevn mushroom and the water extract of 
Ab and G/mushrooms also showed excellent scavenging effect against D P P H radical 
among the mushrooms. Their strong scavenging activity might be due to the presence 
of large amounts of antioxidants or presence of some strong antioxidants. 
Moreover, Table 3.10 shows the effective concentration 50 ( E C 5 0 ) value of 
methanol and water crude extracts of mushrooms. A low E C 5 0 value of a sample 
indicated its D P P H radical scavenging activity was potent, and vice versa. The E C 5 0 
could not be found for the methanol crude extract of Gf and the water crude extract of 
Cc mushrooms due to their low radical scavenging activity (<50%) even at the highest 
concentration tested (6mg/ml)(Tables 3.8 and 3.9). 
Concerning the E C 5 0 of the methanol crude extract among different mushrooms, 
Aa (0.571 mg/ml), Pevf (1.69mg/ml) and Po (2.01 mg/ml) mushrooms had the lowest 
E C 5 0 value which implied that they were more effective than other mushrooms to 
exert 50% scavenging activity of DPPH radical (Table 3.10). The E C 5 0 of Aa was 
3-fold lower than that of Pevf. This indicated the Aa mushroom could scavenge 50% 
D P P H radical three times more effective than other mushrooms. When comparing the 
E C 5 0 of Aa and Hm, which possessed the lowest and highest E C 5 0 values, respectively, 
the E C 5 0 oiAa (0.571 mg/ml) was 7-fold lower than that of Hm (4.22mg/ml), showing 
that the variation of scavenging activity was high between the methanol crude extract 
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of different mushrooms. 
Concerning the EC50 of the water crude extract among different mushrooms, Ab 
(0.946mg/ml), G/(1.51mg/ml), Pevf (1.66mg/ml) and Aa (1.72mg/ml) mushrooms 
had the lowest EC50 value. The EC50 values of Ab, Gf, Pevf d^nd Aa mushrooms were 3 
to 5-fold lower than that of Pab mushrooms which indicated that they were more 
effective than other mushrooms to exert 50% scavenging activity of D P P H radical 
(Table 3.10). When comparing the EC50 of Ab and Pe, which possessed the lowest and 
highest EC50 values, respectively, the EC50 ofAb (0.946mg/ml) was 5-fold lower than 
that of Pe (5.21mg/ml), showing that the variation of scavenging activity was high 
between the water crude extract of different mushrooms. 
For comparing the EC50 value between all mushroom crude extracts, the EC50 of 
the methanol crude extract of Aa (0.571mg/ml) was 2-fold lower than the water crude 
extract of Ab (0.946mg/ml), both of which were the lowest EC50 values among the 
methanol and water crude extracts, respectively (Table 3.10). This reflected that the 
methanol crude extract of Aa was most potent in DPPH radical scavenging. 
Overall, both the methanol and water crude extracts of Aa and Pevf mushroom 
showed the lowest EC50 value in this assay. 
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Table 3.8: The scavenging activity (%) of D P P H radical for methanol crude extract of 
mushrooms at different concentrations and their correlation 
Concentration (mg/ml) 
Samples — C o r r e l a t i o n 
0.75 1.5 3.0 6.0 
coefficient (R) 
“•“•从•…〜….…〜."••‘.••…〜…〜……〜••〜………………〜…__… 
Pp 24.3±0.211 37.6±1.20 63.2±0.439 96.8土0.487 0.993 
Pe 19.3+0.477 36.5±1.69 64.4+0.397 87.6土3.47 0.969 
Pevf 28.0±1.88 47.5+0.670 84.4±0.354 96.1±0.402 1.000* 
Pevn 25.8±0.389 45.5±0.343 74.0±3.18 95.1±0.259 0.958 
Pab 20.9±2.83 38.4+5.03 59.2±4.76 89.2+0.848 0.987 
Po 20.4+0.728 42.3±1.95 78.0+0.742 94.1±0.140 0.999* 
Pne 15.9±0.496 26.8+0.248 46.3±0.379 73.0±0.657 0.994 
Ab 21.8 土 1.93 42.9±0.598 70.4+0.363 92.7±2.95 0.959 
Aa 48.4+0.899 79.9+1.51 95.2+0.00 95.8+0.137 0.926* 
—— —^ -~- . ： ：“：““-iij^：'. 
Cc 13 .6±0 .502 26.5+0.241 51.5±0.502 83 .3±1 .39 0 . 992 
Fv 15.2±0.237 29.1±1.92 57.3±0.362 89.6±0.237 0.989 
Gf 5 . 77±0 .156 13.3 土 1 .96 26 . 3±0 .624 49 .0±1 .02 0 . 9 9 9 * 
Hm 10 .3±0 .288 20 .2±1 .75 39.9±0.432 68.2±0.381 0 . 996 
Lg 1 4 . 6 ± 0 . 4 3 0 2 9 . 4 ± 2 . 6 5 49.6±0.430 7 9 . 6 ± 2 . 0 8 0 . 9 9 2 
T B H Q 94.5+0.819 
Mean土 Standard deviation of triplicate measurement 
Correlation coefficient was tested from 0.75 to 3mg/ml 
:The three mushrooms possessed the highest scavenging activity were 
highlighted 
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Table 3.9: The scavenging activity (%) of D P P H radical for water crude extract of 
mushrooms at different concentrations and their correlation 
Concentration (mg/ml) 
^ 0.75 1.5 3.0 6.0 
coefficient (R) 
'''''''''"'“““‘‘'""'"“"‘‘‘‘"‘‘'""'‘‘ 
Pp 9.77±0.829 20.9±0.810 47.3±3.61 76.5+0.464 0.990 
P e 8 . 7 1 ± 0 . 6 6 0 2 2 . 0 ± 1 . 7 3 37.1±3.03 5 3 . 9 ± 5 . 9 0 0 . 9 7 2 
Pevf 24.7+0.440 52.4+0.211 85.2±0.732 89.4±1.46 0.990* 
Pevn 18.8±0.988 38.4±0.757 68.8±1.62 84.6±7.23 0.937 
Pab 6 . 6 8+0 . 747 17.0土 1 .24 24 .8+3 .39 57 .9+7 .68 0 . 992 
Po 4.44+0.869 9.32+0.869 20.6+1.02 32.2+3.88 0.987 — — — — 
Pne 11 .8±0.321 28 . 0±0 . 437 53.9土 1 .04 77 .9±1 .64 0 . 975 
Ab 40.0±0,228 78.3±1.99 82.9±0.457 83.1±3.51 0.816* 
Aa 23.0±0.227 52.8±1.07 84.8±].59 89.1±1.38 0.986* 
Cc 6.02 土 1.66 17.8±a903 24.6±1.19 44.0±0.814 0.985 
Fv 10.4±1.35 24.1±1.88 44.8±1.55 71.4±1.75 0.989 
Gf 26 . 0 土0 .232 55 .4±3 .38 85 .3±0 .584 86 .9±0 .878 0 . 9 8 3 * 
Hm 5.23±1.42 17.6±0.279 39.0±0.738 71.0±0.242 0.996 
Lg 9.58±0.234 23.7±0.486 50.5±0.486 78.4±1.96 0.984 
T B H Q 94.5+0.819 
Mean土 Standard deviation of triplicate measurement 
Correlation coefficient was tested from 0.75 to 3mg/ml 
:The three mushrooms possessed the highest scavenging activity were 
highlighted 
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Table 3.10: The 50% effective concentration (EC50) of methanol and water crude 
extracts of mushrooms in scavenging activity of D P P H radical assay 
Samples EC50 (mg/ml) 
Methanol extract Water extract 
…二 .A7 •‘f  
Pp 2.41 3.71 
Pe 2.65 5.21 
P e v f 1 . 6 9 k 6 6 
Pevn 2,01 2.59 
Pah 2.66 5.28 
Po 2.16 N.A. 
Pne 3.70 3.39 
Ab 2.21 0.946 
Aa 0 . 571 1.72 
Cc 3.29 N.A. 
Fv 2.97 3.90 
Gf N.A. 1.51 
Hm 4.22 4.17 
Lg 3.37 3.54 
N.A.: not applicable due to the scavenging activity of mushroom extracts did not 
reach 50% in the whole range of concentrations assayed 
:The three mushrooms possessed the lowest E C 5 0 were highlighted 
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3.1.2.3 Erythrocyte hemolysis 
Tables 3.11 and 3.12 show the percentage inhibition of erythrocyte hemolysis for 
the methanol and water crude extracts of the 14 mushrooms, respectively. This assay 
reflects the protective effect of erythrocyte membrane against damage by peroxyl 
radicals (Ng et al., 2000). Generally, the inhibition percentage of hemolysis of the 
water crude extract of mushrooms was higher than that of methanol extract. It might 
be because the water soluble A A P H which generated the peroxyl radicals in the 
aqueous phase by its unimolecular thermal decomposition in aqueous phase had high 
solubility in water and interact better with the antioxidants in the water crude extracts. 
On the other hand, the antioxidant compounds dissolved in methanol could not work 
efficiently in the aqueous phase due to their relatively low solubility in water. 
The concentration of mushroom crude extracts used was up to 5 mg per ml 
which was the highest concentration for the methanol extracts to be solubilized in 
phosphate buffer saline. 
Concerning the relationship between the concentration of the mushroom 
methanol crude extracts and the inhibition percentage of erythrocyte hemolysis, only 
Pah mushroom showed a strong positive correlation of R higher than 0.98 (Table 
3.11). It might be deduced that the higher the concentration of the methanol crude 
extract, the higher the amount of antioxidants that can prevent erythrocyte hemolysis. 
On the other hand, a strong negative relation (R=-0.917) between the concentration of 
methanol crude extract and hemolysis inhibition was found for Cc mushroom. This 
finding might be due to the presence of antioxidative inhibitors or prooxidants in the 
Cc mushroom. 
Concerning the relationship between the concentration of the water crude extract 
and inhibition percentage of erythrocyte hemolysis, a strong positive correlation of R 
higher than 0.98 was shown for most of the mushroom water crude extracts for Pp, 
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Pne and Lg mushrooms (Table 3.12). 
Concerning inhibition percentage of the methanol crude extract among different 
mushrooms, only Lg, Pe, Pab and Fv showed inhibition of higher than 40% at 
5mg/ml’ which was the highest concentration tested (Table 3.11). The inhibition 
percentage of Lg (72.2%), Pe (55.2%), Pah (51.0%) and Fv (47.3%) were the highest 
at 5mg/ml. All the other mushrooms showed inhibition of lower than 15% which 
indicated that the amount of antioxidant compounds in the methanol crude extracts in 
these mushrooms was small. 
When comparing the inhibition percentage of the water crude extract among 
different mushrooms, Pevf showed the highest inhibition percentage at the whole 
range of concentration (l-5mg/ml) tested. The inhibition percentage of /^ev/increased 
from 64.2% to 92.5% when the concentration of its water crude extract increased from 
1 to 5mg/ml. Likewise, Lg showed the second highest inhibition percentage at all the 
test concentrations (l-5mg/ml) tested. The inhibition percentage of it increased from 
63.8% to 90.3% when the concentration increased from 1 to 5mg/ml. Gf showed the 
third highest inhibition percentage at 1 mg/ml (55.0%), 2mg/ml (67.0%), 3mg/ml 
(74.2%) as well as 4mg/ml (76.5%). Pne (80.1%) showed the third highest inhibition 
percentage at 5mg/ml. 
As a result, the methanol and water crude extracts of Lg showed the highest and 
second highest hemolysis inhibition, respectively while the water crude extract of 
Pevf showed the highest hemolysis inhibition. Besides, the methanol crude extracts of 
Pe and Pab showed relatively higher hemolysis inhibition than all the other 
mushrooms except Lg. Therefore, the Lg, Pevf, Pe and Pab mushrooms were prevent 
the erythrocyte hemolysis more effectively than other mushrooms probably due to the 
presence of antioxidants which scavenge peroxyl radical (Ng, 2000). 
Table 3.13 shows the inhibition concentration 50 ( I C 5 0 ) of the methanol and 
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water crude extracts of mushrooms in erythrocytes hemolysis assay. A low IC50 value 
of a sample indicated the protective effect of erythrocyte membrane against peroxyl 
radical was strong, and vice versa. 
For the methanol crude extract, due to the low hemolysis inhibition percentage of 
most mushrooms, the IC50 value could only be found for Lg (3.10mg/ml), Pe 
(3.78mg/ml) and Pab (4.82mg/ml) (Table 3.13). This reflected that the methanol 
extracts of Lg, Pe and Pab mushrooms showed the highest protective effect of 
erythrocyte membrane against the peroxyl radicals. The difficulty in obtaining the 
IC50 for the methanol crude extract of most mushrooms reflected that the compounds 
which were extracted by methanol from these mushrooms were ineffective in 
preventing erythrocyte membrane against hemolysis. Moreover, this assay was not 
suitable to be used if the methanol extract of these mushrooms was further analyzed 
as the antioxidant compounds in the methanol crude extracts might have low 
solubility in aqueous phase. So these antioxidant compounds might not well function 
in aqueous phase and their effectiveness of peroxyl radicals might be underestimated. 
For the water crude extract, the IC50 of Pab, Po, Aa and Cc mushrooms could not 
be found because of the low hemolysis inhibition percentage in the whole range of 
concentrations assayed (Table 3.12). The IC50 values of Pevf (0.264mg/ml), Lg 
(0.292mg/ml) and Gf (0.396mg/ml) were the lowest which are 3 to 5-folds less than 
those of other mushrooms (Table 3.13). This reflected that the water crude extracts of 
Pevf, Lg and Gf mushrooms showed the highest protective effect of erythrocyte 
membrane against the peroxyl radicals. This finding was consistent as discussed 
above. Moreover, when comparing the IC50 of Pevf and Fv, which possessed the 
lowest and highest IC50 values, respectively, the IC50 of Ab (0.264mg/ml) was 8-folds 
lower than that of Fv (2.18mg/ml), showing that the variation of hemolysis inhibitor! 
was large between the water crude extract of different mushrooms. 
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For comparing the I C 5 0 value between all mushroom crude extracts, the I C 5 0 of 
the water crude extract of Pevf (0.264mg/ml) was 11-fold lower than the methanol 
crude extract of Lg (3.10mg/ml), which was the lowest I C 5 0 values among the water 
and methanol crude extracts, respectively (Table 3.13). This reflected that the water 
crude extract of Pevf was most potent in protecting erythrocyte membrane against 
peroxyl radical. 
For comparing the I C 5 0 value between ascorbic acid and the mushroom crude 
extracts, the I C 5 0 value of ascorbic acid was 2-fold lower than that of the water crude 
extract of Pevf (0.264mg/ml) (Table 3.13). This implied that ascorbic acid was more 
effective in hemolysis inhibition than all the mushroom crude extracts. Also, as the 
mushroom crude extracts composed of a mixture of compounds, some compounds 
which could not inhibit hemolysis or interfere with antioxidant compounds might 
present in the extracts. Therefore, fractionation of the mushroom crude extracts had to 
be carried out in order to separate the effective components in inhibiting hemolysis 
from the ineffective components. 
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Table 3.11. The inhibition percentage of erythrocyte hemolysis for methanol crude 
extract of mushrooms at different concentrations 
Concentration (mg/ml) Correlation 
Samples 1 2 3 4 5 coefficient 
R 
Pp 27.4+5.16 8.85+0.210 14.0±2.20 10.6±1.04 12.9±5.33 -0.586 
Pe 3 3 . 5±1 . 56 37 .2+0 .775 52 .2±4 .57 50.0土0.00 55 . 2±4 .76 0 .921 
Pevf 8.33±1.67 5.92+0.859 -4.10±1L0 16.4±0.213 13.0±6.35 0.399 
Pevn 30.3±2.69 10.1+0.280 8.15+9.93 10.4+6.58 8.48±3.80 -0.725 
Pab 14.1+4.24 25.5+9.68 31.6±10.35 44.0+5.70 51.0+3.80 0.995 
Po 13.9±7.78 3.49+4.17 10.2±4.26 10.1+2.62 11.3±4.26 0.0580 
Pne 2 8 . 0±3 . 36 9 .37±7 .25 26 . 6±0 .929 8 .10±3 .56 6 .50土5.48 -0.658 
Ab 20.1±3.62 28.9+3.51 3.62±4.72 10.7±2.54 11.1+0.249 -0.585 
Aa 2.57±5.05 4.21±0.568 9.86±2.86 4.86±1.51 6.17±1.71 0.452 
Cc 26 .7+3 .75 15 .1+8.46 15.5土2.81 3 .44+5 .57 5 .58±1 .74 -0.918 
Fv 18.9±4.66 32.8+4.73 39.2土2.65 37.4±5.82 47.3+4.87 0.927 
Gf -3.20±6.47 - 2 . 3 5 ± 0 . 5 8 1 -0.907±4.43 1.19±6.54 4.25±3.13 0.974 
Hm 17.9±1.84 7.52±1.85 1 9 . 4 ± 0 . 9 6 7 7.47±1.63 9.78±1.14 -0.445 
Lg 12.3±6.01 44.9±5,97 53.2+2.02 60.6±10.1 72.2±3.71 0.946 
Ascorbic 
acid 44.6±3.46 ( at 0.1 mg/ml) 94.0±1.44 (at 0.5mg/ml) 
(standard) 
Value =Mea吐 Standard deviation (n=3) 
:The three mushrooms possessed the highest hemolysis inhibition were 
highlighted 
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Table 3.12. The inhibition percentage of erythrocyte hemolysis for water crude extract 
of mushrooms at different concentrations 
‘‘ """"/"/""""""""""""",-"""""""","""""""""""""〃"""""_^ 
Concentration (mg/ml) Correlation 
Samples 1 2 3 4 5 coefficient 
R 
Pp 42.6±9.63 53.9±4.77 59.1±0.637 65.7土2.01 73.5±2.81 0.992 
Pe 48.9±3.48 52.1+4.17 59.0+2.40 68.9±2.70 67.6+3.44 0.976* 
Pevf 64.2+2.74 83.5+2.72 87.1+6.84 92.0±0.160 92.5±1.09 0.922* 
Pevn 43.8±1.78 54.9±4.23 55.0±6.85 61.5±4.80 69.5±0.67 0.968 
Pah 31.7±3.43 23.0±3.00 3.80±3.61 8.61±1.34 14.9±2.01 -0.679 
Po 23.9±4.87 27.9±6.71 23.4±1.95 12.1+2.49 6.7±9.69 -0.886 
Pne 36.3+9.57 47.9±10.0 62.4±8.03 71.0±4.15 80.1±1.85 0.995 
Ab 33.7+4.49 39.1+5.10 60.9±1.59 73.5+3.99 70.0+5.34 0.978* 
Aa 20.6±2.77 19.5±2.20 26.8±3.63 26.5+0.85 44.4+8.36 0.865 
Cc 22.0+2.61 26.4+2.89 35.7+2.17 33.3+0.337 33.7+5.07 0.828 
Fv 23.1±1.55 42.8±n.8 62.8±3.12 66.2土 1.79 70.8+6.53 0.944 
Gf 55.0±5,79 67.0土8.80 74.2+1.03 76.5+2.14 75.1±1.39 0.957* 
Hm 47.7+3.15 48.8±4.53 70.6±8.39 61.9±4.48 66.4±1.40 0.771 
Lg 63.8±2.09 83.3±1.49 86.0±0.688 90.2±1.14 90,3±1.24 0.904* 
Ascorbic 
acid 44.6±3.46(at 94.0±1.44 (at 
0.1 mg/ml) 0.5 mg/ml) 
(standard) 
Mean土 Standard deviation of triplicate measurement 
Correlation coefficient was tested from 1 to 4mg/ml 
:The three mushrooms possessed the highest hemolysis inhibition were 
highlighted 
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lable 3.13 The 50% inhibition concentration ( I C 5 0 ) of methanol and water crude 
extracts in erythrocytes hemolysis assay 
�-~»«:�>x..‘:->x«： •；•:"S:.X.-."X.X‘:.:.;":‘>X.:">V................. ........   
Samples Methanol crude extract Water crude extract 
— — — — — — — I C s ^ C m g A n l )  
P p — — — — — — 
Pe 3.78 1.42 
Pevf N.A. 0.264 
Pevn N.A. 1.80 
Pab 4.82 N.A. 
Po N.A. N.A. 
Pne N.A. 2.14 
Ab N.A. 2.37 
Aa N.A. N.A. 
Cc N.A. N.A. 
Fv N.A. 2.18 
Gf N.A. 0.396 
Hm N.A. 2.06 
Lg 3.10 0.292 
Ascorbic acid 0.144 
N.A.: not applicable 
:The three mushrooms possessed the lowest I C 5 0 were highlighted 
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3.1.2.4 Summary for small-scale extraction 
Table 3.14 is a ranking table showing the first three mushrooms having the 
highest antioxidant activity as reflected in the beta-carotene bleaching method, highest 
scavenging activity of D P P H radical and highest protective effect against erythrocyte 
hemolysis. For the ranking of the beta-carotene bleaching method, it was based on 
mushroom concentration at 5mg/ml. This concentration was chosen instead of 
1 Omg/ml and 20mg/ml because the differences of the antioxidant activity among 
mushrooms was too small at the latter two concentrations as the antioxidant activity 
of most mushrooms had attained a maximum. For the ranking of the scavenging 
activity of D P P H radical and erythrocyte hemolysis, they were based on the EC50 
value and I C 5 0 value, respectively. 
Generally, Pevf and Aa mushrooms possessed relatively higher antioxidant 
activity in the three assays. The methanol crude extract of Pevf ranked second in both 
of the beta-carotene bleaching method and D P P H assay while its water crude extract 
ranked first in erythrocyte hemolysis assay and ranked third in D P P H assay. 
Generally, Aa mushroom showed high activity in both the beta-carotene 
bleaching method and D P P H assay. The methanol crude extract of Aa ranked first and 
third in D P P H assay and beta-carotene bleaching method, respectively while its water 
crude extract showed the highest activity in beta- carotene bleaching method. 
The methanol crude extract of Pevf and Aa mushrooms might contain 
antioxidants which were effective against the coupled oxidation of linoleic acid and 
beta-carotene and scavenge DPPH radical efficiently. The water crude extract of Pevf 
might contain antioxidants which possessed high DPPH radical scavenging effect as 
well as high protective effect of erythrocyte membrane hemolysis against peroxyl 
radicals while the water crude extract of Aa might contain antioxidants which 
possessed high effect against the coupled oxidation of linoleic acid and beta-carotene. 
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Due to the relatively higher antioxidant activity of Pevf and Aa mushrooms, they 
were selected for further analysis in the scale-up extraction which involved the 
fractionation of methanol and water crude extracts into different subfractions as well 
as evaluation of their antioxidant activity by other antioxidant assays such as the 
scavenging activity of A B T S • + radical cation, the scavenging activity of hydroxyl 
radical scavenging activity and the assay for lipid peroxidation of rat brain 
homogenate. 
Table 3.14: The ranking table showing the three mushrooms having the highest 
antioxidant activity in the three assays 
The first three ranks of The first three ranks of 
methanol extract water extract 
Mushrooms  
Beta- D P P H Erythrocyte Beta- D P M Erythrocyte 
carotene radical hemolysis carotene radical hemolysis 
./""/.""/""""//"""/"""/""/""/"/".'/"..•A'W"".'"^^^ 
Pp 2 - -
Pe 2 - - -
Pevf 2 2 - - 3 1 
Pevn 3 - - - -
Pah 3 - - -
Ab 1 - - - 1 -
Aa 3 1 1 - -
Fv - 3 - -
Gf 2 3 
Lg 1 - - 2 
-:mushrooms ranked fourth or below 
：mushrooms selected for large-scale extraction due to the possession of potent 
antioxidant activity were highlighted. 
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3.2 Large-scale extraction and fractionation scheme 
3.2.1 Extraction yield for crude extracts and subfractions 
The Pevf and Aa mushrooms were selected for further analysis. The methanol 
and water crude extracts of the two mushrooms were extracted in large scale followed 
by fractionation using liquid-liquid partition and ethanol precipitation, respectively. 
The extraction yield of the methanol and water crude extracts of the two mushrooms 
in both of the small-scale and large-scale extraction is shown in Table 3.15 for 
comparison. The extraction yield of methanol crude extracts of Pevf and Aa was 
relatively smaller in the large-scale extraction (10.0% and 9.22%) than that of 
small-scale extraction (25.1% and 15.4%). It might be because the small-scale Soxtec 
system had relatively high efficiency than the large-scale Soxhlet extractor which is a 
common phenomenon in most scale-up extraction. It could be shown by the extraction 
time difference between the two extractions. The small-scale Soxtec system extracted 
higher yield of methanol crude extraction by using 2 hours while the large-scale 
extractor needed 24 hours for extraction. Besides, as 6g and 200g of mushroom 
powder was used in small-scale and large-scale extractions, respectively for the two 
mushrooms, the surface area-to-volume ratio of the extraction thimble to sample size 
in the small-scale extraction was relatively large which conferred a higher extraction 
efficiency to the small-scale extraction than that of the large-scale extraction. 
On the other hand, the extraction yield of water crude extracts of Pevf and Aa 
was relatively higher in large-scale extraction (40.2% and 29.6%) than that of 
small-scale extraction (31.2% and 27.8%) (Table 3.15). The reason might be that the 
samples were extracted for 4 hours for three times in the large-scale extraction while 
the samples were only extracted for 6 hours once in the small-scale extraction. Thus, 
it was suggested that repeated extraction with longer time might obtain a higher 
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extraction yield in the water extraction. 
The extraction yield of the subfractions of the methanol and water crude extracts 
for Pevf ^nd Aa mushrooms is shown in Table 3.16. Concerning the methanol crude 
extract, liquid-liquid partition was used to fractionate the samples sequentially using 
organic solvents of different polarity, which ranged from the relatively non-polar 
dichloromethane, ethyl acetate with medium polarity to the relatively polar water-
saturated butanol (Lim et al., 2002). Therefore, dichloromethane, ethyl acetate and 
butanol subfractions were obtained for Pevf and Aa mushrooms and the remaining 
portion of the crude methanol extract was regarded as the water subfraction. From the 
result, the extraction yield of subfractions for the two mushrooms was similar. 
Generally, the extraction yield increased when the polarity of the organic solvents 
increased for both mushrooms. The extraction yield of water subfraction of Pevf and 
Aa was 67.0% and 65.4%, respectively, which was the highest. As like dissolves like, 
relatively polar compounds in the methanol crude extract could not be extracted by 
the three organic solvents used, leaving them in the water subfraction. This showed 
that a large portion of compounds in the methanol crude extract was relatively polar. 
The extraction yield of butanol subfraction of Pevf and Aa was 10.9% and 17.0%, 
respectively, which was the second highest. The extraction yield of the ethyl acetate 
subfraction and dichloromethane subfraction of Pevf (0.941%) and Aa (1.44%) was 
the lowest, respectively. This showed that the amount of compounds with medium 
polarity presented in Pevf and non-polar compounds presented mAa was small. 
Concerning the water crude extract, ethanol precipitation was used to fractionate 
the samples. Compounds with relatively lower solubility in water and lower polarity 
were precipitated out after the addition of 4 volumes of 95% ethanol, some of which 
suspended in the solvent while the other sank to the bottom. The former was regarded 
as the high molecular weight-low density ( H M W L ) subfraction while the latter was 
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the high molecular weight-high density ( H M W H ) subfraction. On the other hand, the 
compounds with relatively higher solubility in water and higher polarity were not 
precipitated, and they were the low molecular weight ( L M W ) subfraction. From the 
result, the extraction yield of the L M W subfraction for both Pevf {U.5Vo) and Aa 
(82.7%) mushrooms was highest (Table 3.16). It might be because the relatively 
non-polar compounds in the samples were mostly extracted by methanol so that large 
proportion of low molecular weight polar compounds were remained in the water 
crude extract which were highly soluble in water. The extraction yield of H M W H 
subfraction for both Pevf (5.85%) and Aa (6.43%) mushrooms was the lowest while 
the yield of the H M W L subfraction for both Pevf (10.2%) and Aa (10.4%) mushrooms 
was intermediate. 
Generally, the trend of extraction yield was similar for the two mushrooms. This 
might be explained by the facts that the method used for extraction, the location for 
their cultivation and the nature of the compounds of the two mushrooms were similar. 
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Table 3.15: The extraction yield (% dry weight) of the methanol and water crude 
extracts ofPevfmidAa mushroom in small-scale and large-scale extraction 
Crude extract Small-scale extraction Large-scale extraction 
户ev/-Methanol crude extract 25.1 10.0 
Pev/-Water crude extract 31.4 40.2 
^a-Methanol crude extract 15.4 9.22 
.4a-Water crude extract 27.8 29.6 
Table 3.16: The 
extraction yield (% dry weight) of the subfractions of the methanol 





Methanol crude extract 
Dichloromethane 1.31 1.44 
Ethyl acetate 0.941 2.57 
Butanol 10.9 17.0 
Water subfraction 67.0 65.4 
Water crude extract 
Low molecular weight 81.5 82.7 
High molecular weight- low density 10.2 10.4 
High molecular weight- high density 5.85 6.43 
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3.2.2 Antioxidant activity of subfractions and crude extracts of Aa and 
Pevf mushrooms 
In order to evaluate and compare the antioxidant activity, particularly the radical 
scavenging activity of the subfractions of Pevf and Aa mushrooms with their crude 
extracts, three assays which tested the radical scavenging activity were used in this 
project. Namely, they were the assays for scavenging activity of A B T S • + radical 
cation, scavenging activity of hydroxyl radical and lipid peroxidation of rat brain 
homogenate. The two subfractions with the highest antioxidant activity were selected 
for further fractionation using column chromatography. 
3.2.2.1 Scavenging activity of ABTS • + radical cation 
The assay for measuring the scavenging activity of A B T S • + radical cation was 
advantageous over the assay for scavenging activity of D P P H radical because of 
higher sensitivity. The A B T S • + radical cation could be specifically detected at 
734nm, a wavelength far from the visible region so that less interferences such as 
sample color would affect the result as compared with D P P H radical which 
absorbance was measured around 500nm (Kim et al., 2002). The assay aimed at 
determining the antioxidant activity of hydro gen-donating antioxidants (scavengers of 
aqueous phase radicals) and scavengers of lipid peroxyl radicals (chain-breaking 
antioxidants) (Leong and Shui, 2002). 
Table 3.17 shows the T E A C value of the crude extracts of Pevf and Aa 
mushroom and their subfractions. A high T E A C value indicated a strong scavenging 
activity of ABTS • + radical cation. From the result, the T E A C value of the ethyl 
acetate subfraction of Aa (64.3 [i g Trolox/ mg sample) was significantly higher 
(p<0.05) than all the other subfractions and crude extracts of Aa which indicated that 
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this subfraction was the most potent scavenging activity of A B T S • + radical cation. 
Besides, the T E A C value of the dichloromethane and butanol subfractions of Aa 
mushroom as well as the ethyl acetate subfraction of Pev/mushroom was significantly 
(p<0.05) higher than that of all the other subfractions and crude extracts except those 
of ethyl acetate subfraction and water crude extract of Aa mushroom (Table 3.17). 
Also, the ethyl acetate subfraction of both mushrooms possessed the highest T E A C 
value as compared with their parent crude extracts and subfractions (p<0.05), showing 
the presence of an abundant amount of hydrogen-donating antioxidants and 
scavengers of lipid peroxyl radicals (Leong and Shui, 2002). It seemed that large 
portion of antioxidants with potent scavenging activity of A B T S • + radical cation 
could be extracted by ethyl acetate, showing that the liquid-liquid partition method 
could efficiently fractionate antioxidant compounds with different polarities. 
Concerning the water crude extract and its subfractions, for both Aa and Pevf 
mushrooms, the T E A C values of the water crude extract were significantly higher 
(p<0.05) than that of H M W L and H M W H subfractions but not the L M W subfraction 
(p>0.05) (Table 3.17). It seemed that both the high molecular weight and low 
molecular weight compounds could only exert a weak scavenging activity of 
A B T S • + radical cation when acting separately. The water crude extract having the 
combined effect of the high and low molecular weight compounds contributed 
relatively higher radical scavenging activity. As a result, the ethanol precipitation 
method might not be able to isolate the antioxidant compounds into either the L M W , 
H M W L and H M W H subfractions. 
Also, for Aa mushroom, the T E A C values of the dichloromethane, ethyl acetate 
and butanol subfractions were significantly higher than that of L M W , H M W L and 
H M W H subfractions (p<0.05) (Table 3.17). For Pevf mushroom, the T E A C value of 
the ethyl acetate subfraction was significantly higher than that of L M W , H M W L and 
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H M W H subfractions (p<0.05) (Table 3.17). Therefore, the subfractions of methanol 
crude extract of both mushrooms showed more potent A B T S • + radical cation 
scavenging activity than that those of water crude extract generally. 
Table 3.17: The scavenging activity of A B T S • + radical cation of crude extracts of 
Pev/and Aa mushrooms and their subfractions 
Sample T E A C (ji g Trolox/ m g sample) 
Crude methanol 24 1+0 952^' 
^a-Dichloromethane q+5 ^ ^b 
Ethyl acetate 64 3+5 39^ 
^fl-Butanol 4I 3+12 
a-Water subfraction 15 9+5 ^ jceg 
•-Crude water 34 2+4 15^ 1 
^ ^ - L M W 23.1+1.66'^'' 
Aa - H M W L 9.92+6 0 7啤 h 
^a-HMWH 12 1+4 lycdefh 
Fevf-Crude methanol 9 qq+| 26堀1 
Pevf -Dichloromethane 9 |q+q 
Pev/-Ethyl acetate 46.9+1.84匕 
Pevf -Butanol 20 3+1 29。®^  
Pevf -Water subfraction 5 1 g+jj^gh 
Pevf -Crude water 16 7+2 
Pev/-LMW 7.40+ iji 袖 
P e v / - H M W L 2.19±0.614'^  
Pevf-UMWU 2.28±0.645h 
Mean土 Standard deviation of triplicate measurement 
Values with the same superscript within a column are not significantly different at 
p<0.05 (One-way A N O V A ) 
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3.2.2.2 Scavenging activity of hydroxyl radical 
This assay aimed at measuring the hydroxyl radical scavenging activity based on 
the inhibition of the hydroxyl radical to degrade the deoxyribose (Halliwell et al., 
1987). A study of the hydroxyl radical scavenging activity of Mediterranean food 
plants demonstrated the possession of water-soluble hydroxyl radical scavengers in 
the mushroom Agaricus campestris. The aqueous extract of this mushroom (70%) 
showed a relatively 10% higher hydroxyl radical scavenging activity than those of 
onions {Allium cepa), white cabbage {Brassica oleracea) and yellow bell peppers 
{Capsicum annuum) (Racchi et al., 2002). 
Similar to the above findings for the presence of hydroxyl radical scavengers in 
the aqueous component of A. campestris, the water crude extract of Aa (45.5%) and 
Pevf (53.1%) mushrooms also showed hydroxyl radical scavenging activity at 
1 Omg/ml in Table 3.18 implying that these two mushrooms might be a source of 
hydroxyl radical scavengers. Also, a strong positive correlation (R>0.98) between the 
concentration of extract and hydroxyl radical scavenging activity was demonstrated 
for the water crude extract, H M W L and H M W H subfractions of Aa mushroom as well 
as the H M W L subfraction of Pevf mushroom (Table 3.18). And the water crude 
extract, L M W and H M W H subfractions of Pevf mushroom showed a positive 
correlation (R>0.9) between the concentration of extract and hydroxyl radical 
scavenging activity. Figures 3.2 and 3.3 show that an increase in concentration in all 
the water crude extracts and their subfractions of Aa and Pevf mushrooms, except the 
L M W subfraction of Aa, from 1 to 10 mg/ml could lead to an increase in hydroxyl 
radical scavenging activity. Moreover, the H M W L and H M W H subfractions of Aa 
mushroom as well as the water crude extract and L M W subfraction of Pevf mushroom 
showed a hydroxyl radical scavenging activity of higher than 50% at 1 Omg/ml (Table 
3.18). Besides, for example, the hydroxyl radical scavenging activity of H M W L 
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subtraction of Aa was significantly increased when the concentration of the 
subfraction increased from 1 mg/ml to lOmg/ml, indicating the amount of antioxidant 
compounds which could scavenge the hydroxyl radical increased with concentration 
(Figure 3.2). Concerning the L M W subfraction ofAa mushroom, finding showed that 
there was no correlation (R=-0.0279) between the concentration and hydroxyl radical 
scavenging activity (Table 3.18). A horizontal curve was shown in Figure 3.2 for this 
subfraction illustrating the increase in the concentration of the extract could not lead 
to an increase radical scavenging activity. Also, the hydroxyl radical scavenging 
activity of this subfraction was significantly lower than that of the water crude extract 
of the two mushrooms and their subfractions at all the concentrations (p<0.05) (Table 
3.18). An enhancement of deoxyribose degradation was resulted for this subfraction 
as the scavenging activity was negative, showing that compounds which favored the 
formation of hydroxyl radical and deoxyribose degradation might be present into the 
L M W subfraction of Aa (Table 3.18). Compounds with no hydroxyl scavenging 
activity were obviously extracted and concentrated into this subfraction. 
Also, the H M W L subfraction of Aa showed significantly higher (p<0.05) 
hydroxyl radical scavenging activity than its water crude extract at lOmg/ml, showing 
the hydroxyl radical scavengers were extracted and concentrated into this subfraction 
from the water crude extract (Table 3.18). For Pevf mushroom, no significant 
differences were found between the water crude extract and its subfraction at all the 4 
concentrations assayed (p<0.05), showing the hydroxyl radical scavenging activity of 
the water crude extract and its subfractions was similar. This implied that both the low 
molecular weight and high molecular weight compounds contributed a hydroxyl 
radical scavenging activity to the water crude extract for the Pevf mushroom (Table 
3.18). This indicated that the nature of antioxidant compounds which could scavenge 
hydroxyl radical was different for the water crude extract of the two mushrooms. It 
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seemed that the hydroxyl radical scavengers were mainly high molecular weight-low 
density compounds for Aa mushrooms while both of the high molecular weight and 
low molecular weight compounds exerted a hydroxyl radical scavenging activity for 
Pevf mushroom. This implied that mushrooms belonged to different genus might 
possessed different antioxidant compounds. 
Concerning the methanol crude extract and its subfractions of the two 
mushrooms, a hydroxyl radical scavenging activity was also observed. The butanol 
(60.0%) and water subfraction (59.5%) of Aa mushrooms and the butanol subfraction 
(50.6%) of Pev/mushroom illustrated a moderate hydroxyl radical scavenging activity 
(>50%) at lOmg/ml (Table 3.19). This showed that these subfractions could be acted 
as source of hydroxyl radical scavengers. Also, a strong positive correlation (R>0.98) 
between the concentration and hydroxyl radical scavenging activity was demonstrated 
for the butanol subfraction of Aa mushroom and the ethyl acetate subfraction of Pevf 
mushroom (Table 3.19). In addition, a positive correlation (R>0.90) between the 
concentration and hydroxyl radical scavenging activity was also established for the 
methanol crude extract and ethyl acetate subfraction of Aa mushroom as well as the 
dichloromethane, butanol and water subfractions of Pevf mushroom (Table 3.19). 
Also, Figures 3.2 and 3.3 show that an increase in concentration in all the methanol 
crude extracts and their subfractions of Aa and Pevf mushrooms, except the 
dichloromethane subfraction of Aa, from 1 to 10 mg/ml could lead to an increase in 
hydroxyl radical scavenging activity. The other finding that supported the 
dose-dependent effect was that the hydroxyl radical scavenging activity increased 
significantly when the concentration of extracts increased for the water crude extracts 
and most of the subfractions such as the water crude extract of Aa mushroom and the 
butanol subfraction of Pevf mushroom (p<0.05) (Table 3.19). However, the 
dichloromethane subfraction showed no correlation (R=-0.303) between the 
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concentration and hydroxyl radical scavenging activity (Table 3.19). The hydroxyl 
radical scavenging activity of this subfraction changed slightly from 20.6%, 24.4%, 
11.8% and 19.6% when the concentration increased from 1 to 10 mg/ml, 
demonstrating a horizontal curve in Figure 3.2, suggesting the radical scavenging 
activity had not a direct relationship with the concentration of this subfraction. And 
there were no significant differences for the hydroxyl radical scavenging activity at 1, 
2, and 10 mg/ml (p<0.05) (Table 3.19). It might because the amount of hydroxyl 
radical scavengers in this subfraction was low even at high concentration. The other 
reasons might be the presence of inhibitors which inhibited the scavenging of 
hydroxyl radical increased with concentration. On the other hand, at 10 mg/ml, the 
hydroxyl radical scavenging activity of the ethyl acetate subfraction of Aa mushroom 
(60.0%) was significantly higher than that of all the methanol crude extracts and their 
subfractions except the water subfraction of Aa mushroom and the butanol subfraction 
of Pevf mushroom (p<0.05). Also, large portion of antioxidant compounds which 
scavenged hydroxyl radical were extracted and concentrated into the butanol 
subfractions of Aa mushroom and the dichloromethane and butanol subfractions of 
Pevf mushroom since their hydroxyl radical scavenging activity was significantly 
higher than that of their methanol crude extract (p<0.05). It seemed that the hydroxyl 
scavengers in both mushrooms were more soluble in butanol than other organic 
solvents. 
Comparing the positive control dimethylsulphoxide (DMSO) with the methanol 
and water crude extracts as well as the subfractions of Aa and Pevf mushrooms, the 
hydroxyl radical scavenging activity of D M S O was significantly higher than that of 
all the crude extracts and subfractions of the two mushrooms (p<0.05) (Tables 3.18 
and 3.19). However, D M S O was not a common antioxidant and some common 
antioxidants such as Trolox (250 ji M), a water soluble analogue of vitamin E, also 
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showed low hydroxyl radical scavenging activity (40%) (Racchi et al., 2002). This 
also illustrated that, for example, the ethyl acetate (39.6%) and butanol (45.7%) 
subfractions ofAa mushroom at 5mg/ml showed similar radical scavenging activity as 
compared with Trolox at 250 //M. Furthermore, some subfractions such as the 
H M W L subfraction (60.9%) of Aa mushroom and the L M W subfraction (59.8%) of 
Pev/mushroom also showed comparable radical scavenging activity with the aqueous 
extract of green leafy vegetables such as white cabbage (60%) (Racchi et al., 2002) 
and spinach (63.35%) which were well-known sources of antioxidants especially 
flavonoids (Chu et aL, 2000). 
Table 3.20 shows the 40% effective concentration ( E C 4 0 ) value of crude extracts 
and subfractions of Aa and Pevf mushrooms. This value represented the concentration 
of sample at which 40% hydroxyl radical scavenging activity was exerted. A low 
E C 4 0 value of a sample indicates its hydroxyl radical scavenging activity is potent, 
and vice versa. The E C 4 0 could not be found for dichloromethane and L M W 
subfraction of Aa mushroom as well as the methanol crude extract and ethyl acetate 
subfraction of Pevf mushroom due to their low radical scavenging activity (<40%) 
even at the highest concentration tested (10mg/ml)(tables 3.20). 
The E C 4 0 value ranged from 3.20 to 12.4 mg/ml for the samples assayed. 
Concerning Aa mushroom, the E C 4 0 values of the water (3.20 mg/ml) and butanol 
(3.91 mg/ml) subfractions was the lowest which were approximately 
one-and-a-quarter to two times smaller than that of their methanol crude extract and 
other subfractions (Table 3.20). This indicated that large portion of the hydroxyl 
radical scavengers in Aa mushroom had medium polarity as they were more soluble in 
butanol. For Pevf mushroom, the E C 4 0 values of the L M W (4.53 mg/ml) and H M W L 
(4.33 mg/ml) subfractions were the lowest which were approximately one-and-a-half 
to two-and-a-half folds smaller than that of their crude extracts and other subfractions. 
1 1 8 
This indicated that large portion of the hydroxyl radical scavengers in Pevf mushroom 
were polar compounds with both high molecular and low molecular weight as they 
were more soluble in water. This demonstrated that the major hydroxyl radical 
scavengers in the two mushrooms might be different compounds as their polarities 
were different. Overall, the EC40 values of the butanol (3.20 mg/ml) and water (3.91 
mg/ml) subfractions of Aa mushroom was the lowest among all the crude extracts and 
subfractions, showing the presence of potent and abundant amount of hydroxyl radical 
scavengers. 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3.20: The 40% effective concentration ( E C 4 0 ) of the crude extracts and the 
subfractions of Aa and Pevf mushrooms for hydroxyl radical scavenging activity 
Sample E C 4 0 (mg/ml) 




O O A 
a-Water subfraction 丄 ^  
0 nn 
Aa- Water crude extract ⑶ 
Aa - L M W W-A-
Aa - H M W L 《86 
• - H M W H 
Pevf -Methanol crude extract N.A. 




1 9 A 
尸ev/-Water subfraction 
Pevf - Water crude extract 瓜9 
Pev/-LMW 4.53 
Pevf-nUWH 7.35 
N.A.: not available due to low scavenging activity 
1 2 4 
3.2.2.3 Assay for lipid peroxidation of rat brain homogenate 
As mentioned in Section 1.3.6, this assay tests the ability of an antioxidant to 
inhibit the peroxyl radical-induced lipid peroxidation of lipids from rat brain. 
Malondialdehyde (MDA), which is formed during the breakdown of lipids, reacts 
with thiobarbituric acid (TBA) to form thiobarbituric acid-reactive substance (TEARS) 
with a pink color, can be used as an index for determinating the extent of lipid 
peroxidation (Ng et al., 2000). 
Concerning the methanol crude extract and its subfractions for Aa and Pevf 
mushrooms, the methanol crude extract and most subfractions of the two mushrooms 
at 4 mg/ml exerted strong inhibition of lipid peroxidation (>70%) except the water 
subfractions of the two mushrooms (Table 3.21). The high inhibition of lipid 
peroxidation for the methanol crude extract was in contrast to the assay for 
erythrocyte hemolysis in section 3.1.2.3 which showed a low level of hemolysis 
inhibition (Table 3.11). It was because although the lipid peroxidation of rat brain and 
erythrocyte were both caused by peroxyl radical, their reaction mechanisms were 
different (Ng et al., 2000). This finding was similar with the flavonoid rutin, isolated 
from the flower buds of a Chinese herb Sophora japonica, which showed potent 
antioxidant activity in the assay for lipid peroxidation of rat brain (97.82%) but no 
inhibition effect in the erythrocyte hemolysis (16.42%) (Ng et al,, 2000). On the other 
hand, the inhibition percentage of some subfractions such as the dichloromethane 
subfraction of Aa mushroom reached the maximum at 1 mg/ml and any further 
increase in concentration could not increase the inhibition significantly (p<0.05) 
(Figure 3.4). Two subfractions, the ethyl acetate subfraction of Aa and Pevf 
mushrooms even attained maximum inhibition of percentage at concentration as low 
as 0.25 mg/ml (Figure 3.4). The difference in inhibition of percentage between the 
methanol crude extract and its subfractions for the two mushrooms was clearly shown 
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at 0.5mg/ml (Table 3.21). The ethyl acetate subfraction of Aa (93.8) and Pevf (95.1%) 
mushrooms showed the highest inhibition of percentage as compared with all the 
other subfractions and the methanol crude extract of the two mushrooms (p<0.05). 
The dichloromethane subfraction (68.4%) of Aa mushroom at 0.5mg/ml showed 
significantly higher inhibition percentage than all the other subfractions and the 
methanol crude extract except the ethyl acetate subfraction of Aa and Pevf mushrooms 
of the two mushrooms (p<0.05). The butanol subfraction of Aa showed significantly 
higher inhibition percentage at 0.5mg/ml than all the methanol crude extract and its 
subfraction except the dichloromethane and ethyl acetate subfractions of Aa and the 
ethyl acetate subfraction of Pevf (p<0.05) (Table 3.21). The water subfraction (-7.47%) 
of Aa showed the lowest inhibition percentage among the methanol crude extract and 
the subfractions of Aa and Pevf. The water (3.85%) and dichloromethane (4.70%) 
subfractions of Pevf showed no inhibition percentage at 0.5mg/ml (p>0.05), the 
inhibition percentage of them were significantly lower than all the methanol crude 
extract and the subfractions of Aa and Pevf except the water subfraction of Aa 
(p<0.05). For the two mushrooms, it seemed that the subfractions which exerted the 
most potent inhibition and the least inhibition of lipid peroxidation was similar. First, 
the antioxidant compounds which could inhibit the lipid peroxidation induced by 
Fe^Vascorbic acid were mainly extracted and concentrated into the ethyl acetate 
subfraction from the methanol crude extract for the two mushrooms. These 
subfractions might contain antioxidants which broke the chain reaction of lipid 
peroxidation by peroxyl radical scavenging (Lim et al., 2002). Secondly, the water 
subfractions of both mushrooms contained the least amount of compounds that could 
protect against lipid peroxidation of rat brain. Concerning the difference of inhibition 
percentage between the two mushrooms, the inhibition percentage of the 
dichloromethane and butanol subfractions of methanol crude extract of Aa 
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mushrooms were significantly higher than those subfractions of Pevf mushroom, 
respectively (Table 3.21). These indicated that the Aa mushroom was more abundant 
in antioxidant compounds which protect against lipid peroxidation with different 
polarities as compared with the Pevf mushroom. 
Concerning the water crude extract and its subfractions for Aa and Pevf 
mushrooms, the inhibition of lipid peroxidation by the water crude extract and the 
L M W subfraction of the two mushrooms was excellent (approximately 90%) at the 
concentration of 10 mg/ml (Table 3.22). And the inhibition percentage of these 
extracts and subfractions increased significantly when the concentration increased 
from 1.25mg/ml to 5mg/ml (p<0.05) (Figure 3.5). On the contrast, the H M W L and 
H M W H subfractions of the two mushrooms showed a low level (<30%) of inhibition 
percentage that did not increase significantly when the concentration increased from 
1.25mg/ml to 1 Omg/ml (p<0.05) (Figure 3.5). This showed that the compounds with 
high molecular weight in the water crude extract of the two mushrooms were both 
inefficient to protect against lipid peroxidation. Also, the different in inhibition 
percentage was clearly shown at the concentration of 2.5 mg/ml. The L M W 
subfraction of Aa mushroom showed the most potent inhibition as compared with the 
water crude extracts and the subfractions (p<0.05). The water crude extract of Aa 
mushroom and the L M W subfraction of Pevf subfraction showed the second and third 
potent inhibition, respectively (p<0.05) (Table 3.22). As the L M W subfraction of the 
two mushrooms was both significantly higher than their water crude extract (p<0.05), 
it indicated that the antioxidant compounds which inhibited lipid peroxidation were 
extracted and concentrated into the L M W subfraction from the water crude extract. 
This also implied that the low molecular weight in the water crude extract of the two 
mushrooms were more effective than the H M W L and H M W H subfractions of the two 
mushrooms in protecting against lipid peroxidation. 
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Comparing with caffeic acid (0.25 mg/ml), the positive control, the ethyl acetate 
subfraction of both Aa (95.3%) and Pevf (95.9%) mushrooms exhibited comparable 
inhibition percentage at the same concentration (p<0.05) (Table 3.21). This reflected 
that the inhibition effect of lipid peroxidation of these two subfractions were similar 
as compared with caffeic acid at 0.25 mg/ml. In addition, these two subfractions also 
exhibited similar inhibition percentage as the isolated flavonoids from Chinese herbs 
such as rutin (97.82%) and baicalin (97.87%) (Ng et al., 2000). 
When the comparing of the water crude extracts and their subfractions to caffeic 
acid, only the water crude extract and the L M W subfraction of the two mushrooms 
could show similar inhibition percentage as caffeic acid (0.25 mg/ml) at much higher 
concentration (10 mg/ml) (p<0.05) (table 3.22). This implied that the amount and 
effectiveness of the antioxidant compounds in these extracts and subfractions might 
be smaller than the caffeic acid. 
The 50% inhibition concentration ( I C 5 0 ) for the crude extracts and subfractions 
are shown in Table 3.23. The value of I C 5 0 represents the concentration of a sample to 
exhibit 50% inhibition to lipid peroxidation. A small I C 5 0 value indicates that the 
sample has a strong inhibition effect, and vice versa. The I C 5 0 of the ethyl acetate 
subfraction of Aa mushroom being the lowest (0.0502 mg/ml) was 2-folds lower than 
that of ethyl acetate subfraction of Pevf mushroom, which had the second lowest I C 5 0 
value. The I C 5 0 values of these two subfractions were 4 to 73-folds smaller than the 
other subfractions and crude extracts. Moreover, the I C 5 0 values of the crude extracts 
and subfractions of Aa mushroom were always lower than that of Pevf mushrooms, 
indicated that Aa mushroom contained more abundant and more effective antioxidants 
to protect against lipid peroxidation than Pevf mushroom. Furthermore, the 
subfractions of the methanol crude extract of the two mushrooms often showed 
smaller I C 5 0 value than the subfractions of water crude extract. For example, the 
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butanol subfraction of Aa mushroom showed a IC50 value with 2-folds smaller than 
that of L M W subfraction (Table 3.23). This indicated that the antioxidant compounds 
extracted in organic solvents were more effective in protecting against lipid 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3.23: The 50% inhibition concentration ( I C 5 0 ) of the crude extracts and the 
subfractions of Aa and Pevf mushrooms for lipid peroxidation of rat brain homogenate 
Sample I C 5 0 (mg/ml) 







Aa- Water crude extract 
Aa - L M W 1.24 
Aa - H M W L 
• - H M W H N.A. 
9 ^ ^ 
Pevf- Methanol crude extract 
Pevf -Dichloromethane 
Pev/-Ethyl acetate 0.0951 
i^ev/-Butanol 
i^ev/-Water subfraction N.A' 
3 71 





N.A.: not available due to low inhibition percentage 
1 3 4 
3.2.2.4 Summary for large-scale extraction and fractionation 
Table 3.24 shows the ranking of different subfractions of Aa and Pevf 
mushrooms in three different assays used in terms of their A B T S • + radical cation 
scavenging, hydroxyl radical scavenging and inhibition of lipid peroxidation of rat 
brain. The ranking system was based on the TEAC, E C 4 0 and IC50 values in the three 
assays. In this table, the antioxidant activity of the subfractions belonging to Aa 
mushroom was higher than those of Pevf mushroom generally. This finding was 
supported by the possession of the strongest A B T S • + radical cation and hydroxyl 
radical scavenging effect by the ethyl acetate subfraction of Aa mushroom, as well as 
the strong inhibition effect of lipid peroxidation by the water subfraction of Aa 
mushroom (Table 3.24). 
Besides, for Aa mushroom, the subfractions of the methanol crude extract 
demonstrated higher antioxidant activity than those of the water crude extract (Table 
3.24). For Pevf mushroom, the subfractions belonging to the methanol crude extract 
demonstrated higher A B T S • + radical cation scavenging effect and inhibition effect of 
lipid peroxidation but not the hydroxyl radical scavenging effect in general. It also 
showed that the antioxidant compounds which exerted high ABTS • + radical cation 
scavenging effect and inhibition effect of lipid peroxidation were mainly compounds 
with medium polarity as they were more abundant in the ethyl acetate and butanol 
subfractions ofhoXYvAa and Pevf mushrooms. 
Furthermore, the ethyl acetate subfraction of Aa mushroom exhibited the most 
potent ABTS • + radical cation scavenging activity and inhibition of lipid peroxidation 
of rat brain among all the subfractions (Table 3.24). The ethyl acetate subfraction 
might contain antioxidant compounds which were effective in ABTS • + radical cation 
and peroxyl radical scavenging, probably by the donation of hydrogen atom (Leong 
and Shui, 2002) and breaking the chain reaction of lipid peroxidation by the donation 
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of electrons to peroxyl radical (Lim et al.’ 2002). The relationship between chemical 
components, such as total phenolic content, total carbohydrate content and protein 
content, and antioxidant activity would be discussed in section 3.2.3. 
Since radicals such as hydroxyl and peroxyl radicals were damaging in the body 
and could lead to a number of diseases such as atherosclerosis (section 1.1.3), 
enrichment of the antioxidant status by antioxidants that scavenge these radicals were 
beneficial. The antioxidants presented in the ethyl acetate and butanol subfractions of 
Aa mushroom could be a potential source of natural antioxidants for food supplement. 
In addition, different subfractions displayed different extent of antioxidant activity in 
different assays, suggesting that several chemical components might be involved in 
exhibiting the activity. 
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Table 3.24: The ranking table showing antioxidant activity of the subfractions oi Aa 
and /^ev/mushrooms in three different assays 
Ranking of antioxidant activity 
Subfractions A B T S •+radical Hydroxyl radical Inhibition of lipid 
scavenging scavenging peroxidation 
A a-Dichloromethane 4 N.A. 4 
如-Ethyl acetate 1 7 1 
乂口-Butanol 3 2 3 
如-Water subfraction 7 1 N.A. 
Aa - L M W 5 N.A. 6 
Aa - H M W L 9 5 N.A. 
• - H M W H 8 6 N.A. 
Pevf -Dichloromethane 10 8 7 
Pevf-Ethyl acetate 2 N.A. 2 
/^ev/-Butanol 6 9 5 
尸ev/-Water subfraction 12 11 N.A. 
Pev/-LMW 11 4 8 
Pev/-HMWL 14 3 N.A. 
Pevf-EMWU 13 10 N.A. 
N.A.: not available due to low inhibition percentage or scavenging activity 
:subfractions selected for column fractionation due to the possession of potent 
antioxidant activity were highlighted. 
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3.2.3 Chemical characterization of the crude extracts and their 
subfractions of Aa and Pevf mushrooms 
Generally, all of the subfractions possessed radical scavenging effects (section 
3.2.2). Phenolic compounds could be extracted by methanol (Lim et al., 2002) and 
sometimes water (Waterman and Mole, 1994a) (section 1.4.1), and they possessed 
potent radical scavenging effects (section 1.1.4.2). Since mushrooms contain 
considerable amounts of phenolic compounds (Babitskaya et al., 1996; Cheung, 2001; 
Wada et al., 1996) (section 1.2.2), they might also be presented in the crude extracts 
and their subfractions for Aa and Pevf mushrooms. Therefore, chemical 
characterization for the determination of the total phenolics content for the crude 
extracts and their subfractions of Aa and Pevf mushrooms were carried out (section 
3.2.3.1.1). On the other hand, mushrooms were known to be rich in protein especially 
amino acids (Manzi et al., 1999). Some amino acids were found to retard the 
oxidation of several oil-emulsion systems (White and Xing, 1997). Since amino acids 
are water-soluble, the soluble protein content of the water crude extract and its 
subfractions was determined by biuret method for the Aa and Pevf mushrooms 
(section 3.2.3.2.1). Furthermore, since the role of carbohydrate, especially 
polysaccharide is emerging, it is another potential antioxidative component in the 
aqueous extracts of mushrooms (Liu et al., 1997). Their role for proving as free 
radical scavenger was in progress. As a result, the total carbohydrate content of the 
water crude extract and its subfractions for Aa and Pevf mushrooms was determined 
(section 3.2.3.3.1). Also, the correlations between antioxidant activity and total 
phenolic content, protein content as well as total carbohydrate content were also 
discussed in this section. 
1 3 8 
3.2.3.1 Total phenolic content 
3.2.3.1.1 Total phenolic content of crude extract and their subfractions of 
Pevf and Aa mushrooms 
Table 3.25 shows the total phenolic content of methanol and water crude extracts 
and their subfractions for Aa and Pevf mushrooms. The amount of total phenolic 
content was expressed as gallic acid equivalent (GAE) which represented the amount 
(l^ g) of gallic acid having the activity as 1 m g of sample. A higher value of G A E 
indicated the presence of more phenolic compounds. However, the content of total 
phenolics measured in this method was not an absolute determination of the amounts 
of phenolic materials but was in fact based on their chemical reducing capacity 
relative to an equivalent reducing capacity of gallic acid (McDonald et al., 2001). 
Thus, the total phenolic content also reflected the reducing capacity of different 
subfractions. In this table, the G A E of the dichloromethane subfraction of Pevf was 
the highest among all the crude extracts and subfractions (p<0.05). The second 
highest G A E belonged to the ethyl acetate subfraction of Aa (p<0.05). The third 
highest G A E belonged to both of the dichloromethane subfraction ofAa and the ethyl 
acetate subfraction of Pevf (p<0.05). Several findings are shown on this table. First, 
the total phenolic content was mainly distributed in the ethyl acetate subfraction and 
dichloromethane subfraction for Aa and Pevf mushrooms, respectively. This indicated 
that the Pevf mushroom was more abundant in relatively non-polar phenolic 
compounds than Aa mushroom. Secondly, the total phenolic content of the subfraction 
that belonged to water crude extract was lower as compared with the subfractions that 
belonged to methanol crude extract for both mushrooms, showing that the phenolic 
compounds in the mushrooms were relatively non-polar and mainly extracted by the 
organic solvents, leaving a large amount of other compounds such as carbohydrate 
and protein in the water crude extract and its subfractions (sections 3.2.3.2 and 
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3.2.3.3). Thirdly, the G A E of the dichloromethane, ethyl acetate and butanol 
subfractions was significantly higher while that of the water subfraction was 
significantly lower than the methanol crude extract for Aa mushroom (p<0.05) (Table 
3.25). Similarly, the G A E of the dichloromethane and ethyl acetate subfractions was 
significantly higher while that of the butanol and water subfractions was significantly 
lower than the methanol crude extract for Pevf mushroom (p<0.05) (Table 3.25). This 
indicated that the phenolic compounds were mainly concentrated into the relatively 
non-polar organic solvents leaving a small amount of phenolic compounds and other 
non-phenolic compounds in the water subfraction. Fourthly, the water crude extract 
showed higher G A E than all of its subfractions for both mushrooms It might be 
because the phenolic compounds in the water crude extract of the two mushrooms 
were splitted into the L M W , H M W L and H M W H subfractions by ethanol 
precipitation (Table 3.25). 
3.2.3.1.2 Correlation between total phenolic content and antioxidant 
activity 
Concerning the relationship between total phenolic content (Table 3.25) and 
A B T S • + radical cation scavenging activity (Table 3.17), a strong positive and 
statistically significant relation was found for the methanol and water crude extracts 
and their subfractions of Aa mushroom (R^=0.900, p<0.01) (Table 3.28), suggesting 
that the strong ABTS • + radical cation scavenging activity of the dichloromethane, 
ethyl acetate and butanol subfractions might be highly related to the presence of the 
abundant amount of phenolic compounds presented in these extracts and subfractions. 
However, the total phenolic content did not show a positive correlation with the 
A B T S • + radical cation scavenging activity for the methanol and water crude extracts 
and their subfractions of Pevf mushroom. It might be because the phenolic compounds 
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presented in Pevf mushroom was less effective in scavenging of A B T S • + radical 
cation as compared with Aa mushroom. This could be due to the structural differences 
of phenolic compounds affecting its antioxidant activity (Cuvelier et al,, 1992). Also, 
the presence of some chemical components such as protein, the aromatic amino acid 
tyrosine, sucrose, citrate (Waterman and Mole, 1994a), ascorbic acid, bisulfite, ferrous 
ion and glucose (Singleton and Rossi, 1965) might cause interference which affected 
the specificity of the method to determine total phenolics. 
Concerning the relationship between total phenolic content (Table 3.25) and 
hydroxyl radical scavenging activity (Tables 3.18 and 3.19), no positive correlation 
was established for all the crude extracts and subfractions of the Aa and Pevf 
mushrooms at 5mg/ml. This indicated that phenolic compounds might not be the 
major components for the scavenging of hydroxyl radical. This finding was also 
shown in the study by Racchi et al. (2002). In their study, although the hydroxyl 
radical scavenging activity of the aqueous extract of the mushroom Agaricus 
campestris showed 10% higher hydroxyl radical scavenging activity (70%) than 
onions, white cabbage and yellow bell peppers (60%), the phenolic content of 
Agaricus campestris (GAE=37) was lowest and approximately 4-fold lower than that 
of yellow bell peppers (GAE=118). Since no correlation could be established between 
the total phenolic content and the hydroxyl radical scavenging activity, it was 
suggested that the presence of chemical species other other phenolic compounds for 
exerting the hydroxyl radical scavenging activity (Racchi et al., 2002). 
Concerning the relationship between total phenolic content (Table 3.25) and the 
inhibition of lipid peroxidation of rat brain homogenate (Table 3.21), a positive and 
statistically significant relation was found for the methanol crude extract and their 
subfractions of Aa mushroom at 0.5 mg/ml (R =0.863, p<0.01) (Table 3.28), 
suggesting the strong inhibition effect of lipid peroxidation by the dichloromethane, 
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ethyl acetate and butanol subfractions might be contributed by the abundant amount 
of phenolic compounds presented in the crude methanol extract and its subfractions of 
Act mushroom. The phenolic compounds presented in these subfractions might be 
effective in peroxyl radical scavenging for breaking the chain reaction of lipid 
peroxidation. Besides, a slightly positive and statistically significant relation was also 
found between the total phenolic content (Table 3.25) and the inhibition of lipid 
peroxidation (Table 3.22) for the water crude extract and their subfractions of Aa 
mushroom at 2.5mg/ml (R^=0.734, p<0.01) (Table 3.28), suggesting that the phenolic 
compounds presented in the crude water extract and subfractions might exert an effect 
for the inhibition of lipid peroxidation. However, no direct correlation was found 
between the total phenolic content (Table 3.25) and the inhibition of lipid peroxidation 
for both of the methanol crude extract and its subfractions (Table 3.21) as well as the 
water crude extract and its subfractions (Table 3.22) for Pevf mushroom. This 
indicated that the phenolic compounds presented in the crude extracts and the 
subfractions of Pevf might be different from those of Aa mushroom since the 
structural differences of phenolic compounds could highly affect its antioxidant 
activity (Cuvelier et al., 1992). Again, the presence of some chemical components 
might cause interference that affected the specificity of the determination of total 
phenolics (Waterman and Mole, 1994a). 
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Table 3.25: Total phenolic content of methanol and water crude extracts and their 
subfractions of Aa and Pevf mushrooms 
Sample G A E (jag gallic acid per m g sample) 
Aa- Methanol crude extract 15.3±0.24ief 
^a-Dichloromethane 41.3+0.300'' 
^a-Ethyl acetate 51.210.378^ 
Aa-But2ino\ 30.5±0.710^  
Water subfraction 12.9±0.414 ^  
Aa- Water crude extract 16.9+2.98 
Aa - L M W 15.0土 1.52ef 
• - H M W L 8.65±0.086/uk 
i H M W H 10.1 土0.300幼| 
i^ev/-Methanol crude extract 10.0+0.567^ '"^  
尸 ev/-Dichloromethane 88.2±L31" 
Pevf-EXhyl acetate 43.5+2.66' 
/>.v/-Butanol 8.68 土0.208^'」^  
Pev/-Water subfraction 10.9±0.329幼 
Pevf-Water crude extract 12.4±0.0838龟 
P.V/-LMW 6.68 土0.766Jk 
Pev/-HMWL 5.84±0.115k 
P.V/-HMWH 6.98±0.190iJk 
Mean土 Standard deviation of triplicate measurement 
Values with the same superscript within a column are not significantly different at 
p<0.05 (One-way A N O V A ) 
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3.2.3.2 Total carbohydrate content 
3.2.3.2.1 Total carbohydrate content of water crude extract and their 
subfractions of Aa and Pevf mushrooms 
Carbohydrate including polysaccharides was a major component presented in the 
aqueous extract of mushrooms (Cheung, 2001). Polysaccharides of the mushroom 
Ganoderma lucidum were found to have scavenging activity of superoxide and 
hydroxyl radicals (Liu et al,, 1997). Although the mechanisms of the antioxidant 
activity of polysaccharide were not well understood, it might be possible to establish a 
correlation between the total carbohydrate content and antioxidant activity for 
mushrooms. Table 3.26 shows the total carbohydrate content of water crude extract 
and its subfractions for Aa and Pevf mushrooms. This table indicates that the water 
crude extract of Aa and Pevf mushroom contained a large amount of total 
carbohydrate (>30%). The total carbohydrate content of the H M W L and H M W H 
subfractions of Aa and Pevf mushrooms was significantly higher than that of the 
L M W subfraction (p<0.01), indicating that the carbohydrate in the mushrooms might 
have large molecular weight. 
3.2.3.2.2 Correlation between total carbohydrate content and antioxidant 
activity 
Concerning the relationship between total carbohydrate content and antioxidant 
activity, a slight positive correlation was found between the total carbohydrate content 
(Table 3.26) and the hydroxyl radical scavenging activity (Table 3.18) for the water 
crude extract and its subfractions for Aa mushroom (R =0.770, p<0.01) (Table 3.28), 
indicating that carbohydrate, possibly polysaccharides, might exhibit a hydroxyl 
radical scavenging activity. However, no positive correlation was found between the 
total carbohydrate content (Table 3.26) and ABTS • +radical cation scavenging activity 
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(Table 3.17) as well as the inhibition of lipid peroxidation (Tables 3.21 and 3.22). A 
study conducted by Liu et al. (1997) demonstrated the polysaccharide extract of 
mushrooms such as Ganoderma lucidum exhibited hydroxyl radical scavenging effect 
(45.75%) but had no inhibition effect of microsomal lipid peroxidation. The 
mechanisms of hydroxyl radical scavenging effect of polysaccharides were not well 
understood. On the other hand, no positive correlation was shown between the total 
carbohydrate content (Table 3.26) and antioxidant activity for the water crude extract 
and subfractions for Pevf mushroom (Tables 3.17, 3.18, 3.19, 3.21 and 3.22), 
suggesting that carbohydrate might not be the major component exerting the 
antioxidant activity in these mushroom subfractions. 
Table 3.26: Total carbohydrate content of water crude extract and its subfractions of 
Aa and Pevf mushrooms 
"/"//.'"/.'"/"."M',"/〃"//""/.'/".'""/.'〃//"/".'///"^^^^ 
Sample Total carbohydrate content (%) 
Water crude extract 33.6±1.43 
Aa - L M W 30.8±1.37" 
Aa - H M W L 55.7±1.29b 
Aa-EMWU 54.3±2.83bc 
Pevf-Water crude extract 61 •9±5.40a 
i W - L M W 39.3±0.977d 
Pe v / - H M W L 58.5±3.32ab 
Pevf-nUWU 47.7±1.59c 
Mean土 Standard deviation of triplicate measurement 
Values with the same superscript within a column are not significantly different at 
p<0.05 (One-way A N O V A ) 
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3.2.3.3 Determination of protein content- the Biuret method 
Biuret method is a simple, rapid and accurate method for determining of protein 
content (Gornall et al., 1949). This method is based on the formation of purple 
complex by reaction of substances containing two or more peptide bonds with copper 
salts under alkaline solutions (Pomeranz and Meloan, 1994). The biuret solution is 
composed of copper (II) sulphate, sodium hydroxide and sodium potassium tartrate 
which can provide copper salts, alkaline medium and copper stabilizer, respectively, 
for the reaction to take place (Pinckney, 1961). The presence of more protein will give 
a deeper the purple color. By measuring the absorbance at 550nm, the protein content 
of sample can be determined with reference to a standard curve of bovine serum 
albumin (BSA) (O-lOmg/ml). 
3.2.3.3.1 Protein content of water crude extract and their subfractions of 
Aa and Pevf mushrooms 
Mushrooms were found to be abundant in protein and amino acids. Pevf 
mushroom was found to have more than 20% dry weight protein and consisted of a 
number of amino acids such as lysine (6.71% dry weight) and threonine (5.04% dry 
weight) (Manzi, et al., 1999). Although few researches studied the antioxidant activity 
of protein, peptides and amino acids in mushrooms, many studies showed that protein 
and amino acids exhibit antioxidant activity in various assays. Glycated proteins, 
prepared by incubation of B S A with glucose, were found to have hydroxyl radical 
scavenging activity (Okamoto et al., 1992). Amino acids and peptides, being 
metal-chelating agents, exhibit mild antioxidant activity in non-aqueous phase 
(Shahidi, 1997). For example, amino acids such as methionine, threonine, lysine, and 
histidine had antioxidant activity in freeze-dried emulsion of safflower oil (White and 
Xing, 1997). Also, some histidine-containing peptides also exhibited antioxidant 
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activity which was thought to be related to their metal-chelating activity and lipid 
radical-trapping potential of the imidazole ring of them (Shahidi, 1997). Therefore, 
the protein content of the water crude extract and its subfractions for Aa and Pevf 
mushrooms was determined in order to establish a relationship between the protein 
content and antioxidant activity. In table 3.27, the H M W H subfraction of both 
mushrooms showed significantly higher protein content than that of H M W L and 
L M W subfractions (p<0.05), reflecting the protein in the water crude extract was 
mainly concentrated into the H M W H subfraction for the two mushrooms. 
3.2.3.3.2 Correlation between protein content and antioxidant activity 
No correlations were found between the protein content (Table 3.27) and the 
scavenging activity of A B T S • + radical cation (Table 3.17), scavenging activity of 
hydroxyl radical (Tables 3.18 and 3.19) as well as the lipid peroxidation of rat brain 
homogenate (Tables 3.21 and 3.22). It might be because the antioxidant activity 
reflected in this assay was mainly the radical scavenging activity but not the 
metal-chelating capacity. Protein, peptide and amino acids, exhibiting their 
antioxidant activity mainly by metal-chelation mechanisms, showed little or even no 
radical scavenging activity (Shahidi, 1997). 
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Table 3.27: Protein content of water crude extract and its subfractions of Aa and Pevf 
mushrooms 
Sample Protein content (%) 
Water crude extract 20.5+2.28 
Aa - L M W 18.9±1.23d 
Aa - H M W L 21.7±0.836"" 
^ a - H M W H 29.3±2.2r 
Pevf - Water crude extract 23.7+0.613'''' 
Pevf-Lym 19.9±0.613ed 
P . V / - H M W L 20.2±0.402cd 
Pevf-KMWR 26.1±1.52ab 
Mean土 Standard deviation of triplicate measurement 
Values with the same superscript within a column are not significantly different at 
p<0.05 (One-way A N O V A ) 
3.2.3.4 Summary of correlation between chemical components and 
antioxidant activity 
For Pevf mushroom, no correlation was found between the chemical components 
and antioxidant activity. On the other hand, for Aa mushroom, a summary table 
showing some correlations between the chemical components and antioxidant activity 
for the crude extracts and their subfraction is shown in Table 3.28. While the protein 
content showed no correlation to the antioxidant activity for Aa mushroom, a weak 
correlation (R^ =0.770, p<0.01) was shown between the total carbohydrate content 
and hydroxyl radical scavenging activity for water crude extract and its subfractions 
for Aa mushroom (Table 3.28). But the overall antioxidant activity of the subfractions 
belonging to the water crude extract was not potent. The total phenol content was 
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found to be strongly positively correlate to the scavenging activity of A B T S • + radical 
(r2 =0.900, p<0.01) and positively correlate to the inhibition of lipid peroxidation of 
rat brain homogenate (R^ =0.863, p<0.01), respectively, suggesting that phenolic 
compounds might be the possible radical scavengers in the two assays. As the ethyl 
acetate and butanol subfractions of Aa mushroom showed potent antioxidant activity 
which seemed to be exhibited by the phenolic compounds, they were selected for 
further fractionation using column chromatographic method (section 2.3). The 
scavenging activity of ABTS • + radical and DPPH radical of their fractionated 
subfractions were also evaluated. Further, a more specific assay which determined the 
inhibition of lipid peroxidation of low-density lipoprotein (LDL) was used to evaluate 
the antioxidant activity of the ethyl acetate and butanol subfractions as well as the 
fractionated subfractions of Aa mushroom. And the relationship between the total 
phenolic content and the antioxidant activity for the ethyl acetate and butanol 
subfractions as well as the fractionated subfractions of Aa mushroom was found and 
would be discussed (section 3.3). 
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Table 3.28 Summary table showing the correlation (R^) between the chemical 
components and antioxidant activity ofAa mushroom 
Assays 
Lipid peroxidation of rat 






extract and its 
Total phenol ^a-methanol and 
N.A. subfractions and 0.734 
content water crude 
for j a-water crude 
extracts and their 
extracts and its 
subfractions 
subfractions(p<0.01) 
Total r2 =0.770 (p<0.01) for 
carbohydrate N.A. ^a-water crude extracts N.A. 
content and its subfractions 
Protein 
N.A. N.A. N.A. 
content 
N.A.: No positive and significant (p<0.01) correlation was found. 
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3.3 Column fractionation of ethyl acetate and butano 
subfractions of Aa mushroom 
3.3.1 Rf value in TLC and yield of fractionated subfractions 
Figures 3.6 and 3.7 show 4 fractionated subfractions were obtained from both 
of the ethyl actate and butanol subfractions oiAa, respectively. Table 3.29 shows the 
Rf value in T L C and yield of different fractionated subfractions of the ethyl acetate 
and butanol subfractions of Aa mushroom. The result of Rf values indicated that 
different fractionated subfractions belonged to either the same or different 
subfractions contained different chemical components, with AEF3 and ABF4 
possessed the largest mixture of components among their parent fractionated 
subfractions, which might be the reason for their high total phenolic content and 
antioxidant activity (Sections 3.3.2 and 3.3.3). On the other hand, the yield 
decreased from fraction 1 to fraction 4 for both subfractions (Figure 3.29). As the 
gel particles of Sephadex LH-20 can separate compounds in mode of decreasing 
molecular size by size-exclusion chromatography as one of the principle separation 
mechanisms, the early eluted fractions (AEFl and ABFl), the major fractions, might 
be compounds with relatively higher molecular weight as compared with the later 
eluted fractions (AEF4 and ABF4) for both subfractions and vice versa (Henke, 
1995a). As a result, the decreasing in molecular weight from F1 to F4 might be a 
possible factor for causing the decrease of yield from F1 to F4. Also, a higher 
amount of components presented in the early eluted fractions might be another 
possible reason for their higher yield than the later eluted fractions. 
When comparing the yield between the fractionated subfractions of ethyl 
acetate and butanol subfractions ofAa mushrooms, the yield of ABFl, ABF2, ABF3 
and ABF4 were higher than that of AEFl, AEF2, AEF3 and AEF4, respectively 
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(Table 3.29). Also the total recovery percentage of the butanol subfraction was also 
higher than that of the ethyl acetate subfraction of Aa mushroom. It might be 
because a higher amount of compounds which were UV transparent were presented 
in the ethyl acetate subfraction than the butanol subfraction which were uncollected 
and lost during the collection of the fractionated subfractions. This led to the low 
total recovery percentage of the fractionated subfractions of the ethyl acetate extract 
(Table 3.29). 
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Figure 3.6: Different fractionated subfractions of ethyl acetate subfraction of Aa 
separated by Sephadex LH-20 column 
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Figure 3.7: Different fractionated subfractions of butanol subfraction ofAa separated 
by Sephadex LH-20 column 
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Table 3.29: The Rf value in TLC with a solvent system of ethyl 
acetate/propanol/ammonia (9:7:4; v/v/v) and yield of different fractionated 
subfractions of the ethyl acetate and butanol subfractions of Aa mushroom 
Fractionated subfractions Yield (% dry weight Rf value 
of subfraction) 
Ethyl acetate subfraction - -
AEFI 58.4 0.61,0.66,0.71,0.71,0.96 
AEF2 8.94 0.13,0.24,0.37,0.40,0.52 
A 肥 2.44 0.23,0.29,0.35,0.43，0.49, 
0.53,0.73,0.81,0.87,0.95 
AEF4 2.39 0.32,0.40,0.44,0.83,0.88,0.97 
79.9 _ 
Total recovery percentage • 
Butanol subfraction - -
ABFl 47.8 0.58 
22.8 0.60,0.86,0.95 
15.9 0.31,0.37,0.42,0.87,0.96 
Abf4 7.90 0.31, 0.35, 0.41, 0.43, 0.70, 0.75, 
0.95 
94 4 -
Total recovery percentage • 
3.3.2 Total phenolic content of fractionated subfractions 
Table 3.30 showed the total phenolic content of the ethyl acetate and butanol 
subfractions as well as their fractionated subfractions of Aa mushroom. Concerning 
the ethyl acetate subfraction and its fractionated subfractions, it was found that 
AEF3, AEF4 and AEF2 which contained the highest, second highest and third 
highest G A E values, respectively, were both significantly higher than the ethyl 
acetate subfraction (p<0.05). This showed that large quantity of phenolic compounds 
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were isolated into these fractionated subfractions, especially AEF3 subfraction. The 
AEF3 subfraction (192 m g GAE/g sample) even showed higher phenolic content as 
compared with the isolated fractions from Sargassum siliquastrum (29.8 to SO.Omg 
gallic acid/g sample) (Lim et al., 2002). On the other hand, AEFl showed 
significantly lower G A E value than the ethyl acetate subfraction (p<0.05). It might 
be because a large quantity of high molecular weight, non-phenolic compounds were 
mainly fractionated into the AEFl subfraction from the ethyl acetate subfraction by 
the Sephadex LH-20 column based on the size-exclusion chromatographic 
separation (Henke, 1995a). 
Concerning the butanol subfraction and its fractionated subfractions, ABF4 and 
ABF3 contained the highest and second highest G A E values and both of them were 
significantly higher than that of the butanol subfraction (p<0.05) (Table 3.30). In 
contrast, ABF2 and ABFl contained the lowest and second lowest G A E values and 
both of them were significantly lower than that of the butanol subfraction (p<0.05). 
Based on the result, a large quantity of phenolic compounds were mainly 
fractionated into the ABF3 and ABF4 subfractions, leaving a small quantity of 
phenolic compounds and a large quantity of non-phenolic compounds in the ABFl 
and ABF2 subfractions. 
in summary, as AEF3, AEF4, ABF3 and ABF4 showed significantly higher 
G A E values than AEFl, AEF2, ABFl and ABF2 (p<0.05) (Table 3.30), the phenolic 
compounds presented in both ethyl acetate and butanol subfractions of Aa 
mushroom were mainly low molecular compounds while the high molecular weight 
compounds were mainly non-phenolic. 
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Table 3.30 Total phenolic content of the ethyl acetate, butanol and fractionated 
subfractions of Aa mushroom 
Subfractions G A E (|dg gallic acid equivalents per mg sample) 









ABF4 62.3±3.12^  
Mean土 Standard deviation of triplicate measurement 
Values with the same superscript within a column are not significantly different at 
p<0.05 (One-way A N O V A ) 
3.3.3 Antioxidant activity of fractionated subfractions 
3.3.3.1 Scavenging activity of ABTS • + radical cation 
Table 3.31 shows the TEAC value of the ethyl acetate and butanol subfractions 
as well as their fractionated subfractions of Aa mushroom. In this table, the AEF3 
and AEF4 subfractions showed the highest and second highest TEAC value, 
respectively (p<0.05), among all the subfractions. A strong positive and statistically 
significant correlation between the total phenolic content (Table 3.30) and TEAC 
value (Table 3.31) was found for the ethyl acetate subfraction and its fractionated 
subfractions (R〗二0.943, p<0.01), indicating the high ABTS • + radical cation 
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scavenging activity of the AEF3 and AEF4 subfractions might be due to the 
presence of high level of phenolic compounds with low molecular weight. Also, the 
T E A C values of AEF3 and AEF4 subfractions were 3 and 4 times higher than the 
ethyl acetate subfraction, showing that fractionation using Sephadex LH-20 column 
was effective in fractionating the radical scavenging phenolics into the two 
fractionated subfractions (Table 3.31). 
Concerning the butanol subfraction and its fractionated subfractions, a strong 
positive correlation was also established between the total phenolic content (Table 
3.30) and T E A C value (Table 3.31) for the butanol subfraction and its fractionated 
subfraction (R^=0.918, p<0.01), suggesting the highest ARTS • + radical cation 
scavenging activity of ABF4 subfraction was contributed by the presence of high 
level of phenolic compounds with low molecular weight (p<0.05). Besides, the 
T E A C value of ABF4 was double as compared with that of the butanol subfraction, 
showing the radical scavenging antioxidants was effectively isolated into this 
fractionated subfraction using column chromatographic method (Table 3.31). 
When comparing the T E A C value between the fractionated subfractions of 
ethyl acetate and butanol subfractions, the TEAC values of the AEFl, AEF2, AEF3 
and AEF4 fractions were significantly higher than those of the ABFl, ABF2, ABF3 
and ABF4 fractions, respectively, suggesting the ABTS • + radical cation scavenging 
activity of the fractionated subfractions of the ethyl acetate subfraction was more 
potent than those of the butanol subfraction (Table 3.31). It might be due to the 
presence of relatively higher level of phenolic content in the fractionated 
subfractions of the ethyl acetate subfraction than those of the butanol subfraction. 
The AEF3 and AEF4 subfractions exhibited more than 20% (TEA0200) 
radical scavenging activity as compared with Trolox (Table 3.31). Also, the TEAC 
values of AEF3 (0.934mM) and AEF4 (0.813mM) subfractions also showed nearly 
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comparable radical scavenging activity as compared with some antioxidants at I m M 
such as ascorbic acid (0.99mM), alpha-tocopherol (l.OOmM) and chlorogenic acid 
(1.14mM) (Miller and Rice-Evans, 1997). Besides, the T E A C values of these 
subfractions even showed higher radical scavenging activity as compared with 
50|dM of some phenolic antioxidants such as vanillic acid (0.67mM) and 
luteolin-7-glucoside (0.71mM) at 50|aM isolated from the leafs of the olive Oka 
europaea which was folk medicine (Benavente-Garcia et al., 2000), demonstrating 
the phenolic antioxidants presented in the subfractions exhibited potent hydrogen 
donating capacity (Leong and Shui, 2002). 
Table 3.31 The T E A C value of the ethyl acetate, butanol and fractionated 
subfractions of Aa mushroom 
Subfractions T E A C (fi g Trolox/ m g sample)  





^a-Butanol 41.3±12.5^  
ABFl 27.7 土 2.10g 
ABF2 19.9±0.300§ 
ABF3 33.5±4.69g 
ABF4 94.2±2.08^  
Mean土 Standard deviation of triplicate measurement 
Values with the same superscript within a column are not significantly different at 
p<0.05 (One-way A N O V A ) 
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3.3.3.2 Scavenging activity of DPPH radical 
Table 3.32 shows the DPPH radical scavenging activity of the ethyl acetate and 
butanol subfractions as well as their fractionated subfractions of Aa mushroom. A 
strong positive correlation (R>0.98) between the concentration of subfraction and 
the radical scavenging activity was found for most of the subfractions except the 
AEF3 and ABF4 subfractions which only showed a moderate positive correlation 
(R〉0.90). Also, the radical scavenging activity increased when the concentration of 
ethyl acetate and butanol subfractions as well as their fractionated subfractions 
increased (Figure 3.8). The above findings indicated that the amount of radical 
scavengers in the subfractions increased with concentration. Besides, a strong 
positive and statistically significantly correlation between the total phenolic content 
(Table 3.30) and DPPH radical scavenging activity (Table 3.32) was found for the 
ethyl acetate subfraction and its fractionated subfractions (R^=0.974, p<0.01) as well 
as the butanol subfraction and its fractionated subfractions (R^=0.966, p<0.01) at 0.5 
mg/ml, indicating the three highest (p<0.05) DPPH radical scavenging activity of the 
AEF3, AEF4 and ABF4 subfractions at 0.5mg/ml might be due to the high level of 
phenolic compounds. It was suggested that the phenolic compounds present in the 
fractionated subfractions scavenged DPPH radical by donation of hydrogen atom to 
the radical (Wettasinghe and Shihidi, 1999). 
The E C 5 0 values of the AEF3 and AEF4 subfractions was 8-times and 4-times 
smaller than their parent ethyl acetate subfraction, indicated the DPPH radical 
scavengers were mainly isolated into these subfractions (Table 3.33). Similarly, the 
E C 5 0 of ABF4 was 2 times smaller than its parent butanol subfraction, showing the 
DPPH radical scavengers in the butanol subfraction were mainly extracted into the 
ABF4 subfraction (Table 3.33). As these subfractions were latterly eluted in the 
LH-20 column, they might be some low molecular weight, polar phenolic 
1 5 8 
compounds based on the size-exlusion chromatographic and normal phased 
chromatographic separation mechanisms, respectively (Henke, 1995a; Henke, 1995b) 
(section 1.4.3). 
When comparing the EC50 values of DPPH radical scavenging activity between 
the fractionated subfractions of ethyl acetate and butanol subfractions, the AEF2, 
AEF3 and AEF4 showed E C 5 0 values with 7-, 9- and 2-fold lower than that of ABF2, 
ABF3 and ABF4, respectively. The E C 5 0 values of AEFl and ABFl were similar. In 
general, the fractionated subfractions of the ethyl acetate subfraction showed more 
potent DPPH radical scavenging activity than those of the butanol subfraction (Table 
3.33), probably due to the possession of high amount of phenolics (Table 3.30). 
Although the E C 5 0 value (0.139mg/ml) of the AEF3 subfraction, which 
exhibited the highest radical scavenging activity among subfractions, was 9-fold 
higher than that of T B H Q (Table 3.33), its value was smaller than some phenolic 
antioxidants isolated from apple pomace such as chlorogenic acid (0.24mg/ml) and 
epicatechm (0.135mg/ml) (Lu and Foo, 2000), illustrating that this subfraction 
possessed potent radical scavenging activity. 



































































































































































































































































































































































































































































































































































































































































































































































































Table 3.33: The 50% effective concentration ( E C 5 0 ) of the ethyl acetate, butanol and 
fractionated subfractions of Aa mushroom for scavenging activity of D P P H radical 
Subfractions E C 5 0 (mg/ml) 













—…….…….……—-— -— — — ' • ' " ' ' • ' ‘“ "“ 
T B H Q C.0156 
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3.3.3.3 Inhibition of human low-density lipoprotein (LDL) oxidation 
The oxidation of human LDLs is recognized as the key event in the initiation and 
progression of atherosclerosis (Steinberg et al., 1989) (section 1.1.3.1.6). Compounds 
which can inhibit the oxidation of LDL may play a beneficial role against the disease. 
In order to evaluate the inhibition of LDL oxidation of the ethyl acetate, butanol 
subfractions and their fractionated subfractions, the thiobarbituric-reactive substances 
(TEARS) was used as an index to access the extent of inhibition effect of LDL of the 
subfractions. The copper (II) sulphate at 50)aM was used as initiation of LDL 
oxidation. The LDL was incubated with various samples for 4th, 12th and 36th hours 
to evaluate the persistency of samples to inhibit the LDL oxidation. 
Concerning the butanol subfractions and its fractionated subfractions, a negative 
and statistical significant correlation was shown between the TEARS formation at 4th 
hours (Table 3.33) and the total phenolic content (Table 3.30) for the butanol 
subfraction and its fractionated subfractions 0.820, p<0.01), suggesting that the 
inhibition effect of LDL oxidation might be exerted by the phenolic compounds 
presented. The TEARS level for the control, ABFl and ABF2 showed no significant 
differences (p<0.05) at 4th hours (Table 3.34), showing that the compounds present in 
ABFl and ABF2 subfractions could not inhibit the LDL oxidation. This might be due 
to the low level of total phenolics in ABFl and ABF2 (Table 3.30). 
On the other hand, the ethyl acetate subfraction, AEF2, AEF3, AEF4, ABF3 and 
ABF4 subfractions showed significantly lower TEARS level than that of control at 
4th hours (p<0.05). These subfractions also showed the same degree of inhibition 
effect as compared with caffeic acid at 4th hours (p<0.05) (Table 3.33). 
At 12th hours of incubation, the ethyl acetate and ABF3 subfractions, which 
showed significantly lower TEARS level as compared with the control at 4th hours of 
incubation, showed no significant TEARS level as compared with the control (p>0.05) 
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(Table 3.34). It might be because all the antioxidants presented in these subfractions 
were used up for the reaction to inhibit the L D L oxidation after 12 hours of incubation. 
In contrast, the AEF2, AEF3 and AEF4 subfractions continued to exhibit significantly 
lower T E A R S level than that of control at 12th and 36th hours incubation (p<0.05) 
(Table 3.34). It might be because the amount of antioxidants in these fractionated 
subfractions was high enough so that some antioxidants remained even after 36th 
hours of incubation. This showed that the persistency of inhibition of L D L oxidation 
(Table 3.34) of AEF2, AEF3 and AEF4 was stronger than that of the ethyl acetate and 
ABF3 subfractions, as well as the butanol subfraction, AEFl, ABF2 and ABF4, which 
was probably due to the high level of phenolics with low molecular weight in the 
former fractionated subfractions (Table 3.30). In general, the fractionated subfractions 
of the ethyl acetate showed stronger inhibition of LDL oxidation than those of the 
butanol subfraction which might be due to the higher total phenolic content of the 
former fractionated subfractions than the latter ones (Table 3.30). 
Also, the T E A R S level of AEF2, AEF3 and AEF4 had no significant difference 
as compared with that of caffeic acid (p>0.05). This indicated the antioxidant activity 
of these subfractions in term of inhibition of LDL oxidation was as potent and 
persistent as caffeic acid at the same concentration (0.5 mg/ml) (Table 3.34). These 
subfractions also showed more persistent inhibition effect as compared with the ethyl 
acetate subfraction of the L, edodes and P. tuber-regium mushrooms which showed 
the same T E A R S level as the control at 36 hours (Cheung, 2001). Besides, it was 
found that a negative and statistically significant correlation was demonstrated 
between the T E A R S formation (Table 3.34) and total phenolic content (Table 3.30) 
for the ethyl acetate subfraction and its fractionated subfractions at 36th hours of 
incubation 0.811, pO.Ol), proposing the phenolic compounds presented play an 
important role in the inhibition of LDL oxidation. As phenolic antioxidant was 
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suggested to act as inhibitors of L D L oxidation by means of free radical scavenging 
(Frankel and Meyer, 2000), the phenolic compounds presented in these subfractions 
might inhibit L D L oxidation by mean of radical scavenging observed in sections 
3.3.3.1 and 3.3.3.2. As a result, the AEF2, AEF3 and AEF4 subfractions was most 
effective in inhibition of L D L oxidation in vitro. As this event is the key step for the 
formation of oxidative modified LDLs which later causes the foam cell formation and 
finally atherosclerosis (section 1.1.3.1.6), these subfractions might have a preventive 
effect against atherosclerosis by reducing LDL oxidation through radical scavenging. 
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Table 3.34: The formation of TEARS in human LDL oxidation for the ethyl acetate, 
butanol and fractionated subfractions of Aa mushroom at 0.5mg/ml 
TBARS formation (nmole M D A / mg LDL protein) 
Samples 4th hrs 12th hrs 36th hrs 
Control 28.8±0.143dx 27.4±0.247dy 22.6±0.50产7 
Caffeic acid (standard) 2.69±0.165- 6.53±0.577- 7.47+0.515-
—•:Ethylacetate 3:09±0:378- 28：0±0：644^ ^ 23:8;0:218.。— 
AEFl 22.4±1.72by 26.7±0.515^ ' 23.0±0.218^ '^  
2.05±0.285ay 4.78±0.786ay 8.28±1.4rz 
AEF3 2.74±0.143ax 5.02±0.515'^  6.77±0.247'' 
AEF4 3.04±0.218'^  5.54±0.285'^  8.11±0.540股 
— 1 26：2±0：742- 26：7±0：285- 23:71；0:868;>^ — 
ABF1 29.2 土0.733dz 27.3±0.0824^ ^ 23.4±0.622^ '" 
ABF2 26.0±0.143'^  24.3±0.436'^  21.3±0.0824^' 
八•PKQ 2.86+0.359'" 26.4+0.459^' 23.9+0.654'^ ABr3 - 一 一 
2.51+0.297^^ 15.0+0.733'^ 23.1±0.165'。2 
ABF4 — 
Mean Standard deviation of triplicate measurement 
a-d: Values with the same superscript within a column are not significantly different at 
p<0.05 (One-way A N O V A ) 
x-z: Values with the same superscript within a row are not significantly different at 
p<0.05 (One-way A N O V A ) 
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3.4 Chromatographic characterization of the subfractions of 
methanol crude extract of Aa and Pevf mushrooms 
3.4.1 Thin-layer chromatography (TLC) 
As the total phenolic content was found to be positively correlated to the 
antioxidant activity of mushroom (Section 3.2.3), TLC accompanying with U V and 
chemical sprays was used for the detection of phenolic compounds in the subfractions 
of the methanol crude extract of Aa and Pevf mushrooms. After the separation of 
chemical components on the TLC plate, 4 to 10 distinct spots were observed under 
U V light for different subfractions of the methanol crude extract of Aa and Pevf 
mushrooms, showing that there was a mixture of UV-fluorescent compounds in the 
subfractions (Table 3.35). The distinct spots in the subfractions might be aromatic 
compounds as they were fluorescent under U V (Waterman and Mole, 1994a). Also, 2 
to 6 of these UV- distinct spots turned blue after the spraying of Barton's reagent, 
showing that they were reducing compounds (Jork et al, 1994). One to two of these 
UV-fluorescent, Barton's reagent-positive spots also turned brown after the spraying 
of iron (III) chloride reagent following by heating, indicating the presence of hydroxyl 
group other than di- or tri-hydroxyl groups (Table 3.35). Most of the iron (III) 
chloride-positive spots also showed DPPH radical bleaching effect, indicating their 
possession of antioxidant activity. Moreover, some spots which decolorized the DPPH 
radical could not be visualized under U V at 365nm and showed negative results in the 
detections of phenolic compounds. This indicated that they might be antioxidants 
other than phenolic compounds or the amount of phenolic compounds were too low to 
be detected (<20ng) (Jork et al., 1994). 
The ethyl acetate and butanol subfractions ofAa mushroom, which possessed the 
strongest ABTS • +radical scavenging activity and inhibition of lipid peroxidation, had 
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two and three spots with positive results for the antioxidant activity and test of 
phenolic compounds, respectively (Table 3.35). Also, relatively larger number of 
spots having D P P H radical bleaching effect were present in the two subfractions than 
other subfractions, showing that the potent antioxidant activity of the two subfractions 
might be contributed by several antioxidant compounds. 
The spot with Rf = 0.84 of the ethyl acetate extract of Pevf showed similar Rf as 
compared with both；7-coumaric acid (Rf = 0.83) and catechin (Rf == 0.85). However, 
it showed similar color with catechin (brown) but not ;?-coumaric acid (orange) in the 
FeCls test. Thus, it was possible for the ethyl acetate extract of Pevf might have an 
antioxidant with five hydroxyl groups like catechin rather than one hydroxyl group as 
j9-coumaric acid (Tables 3.35 and 3.36). On the other hand, the spot with Rf 二 0.80 
of the butanol subfraction of Pevf showed the same color (brown) in FeCls test and 
similar Rf as compared with femlic acid, indicating the presence of a hydroxyl and 
methoxyl groups as femlic acid. 
For the cinnamic acid, it showed negative result in the FeCls test due to the 
absence of hydroxyl group in this compound although its hydroxyl and methoxyl 
derivatives always showed positive result in the FeCb test. Since the Rf of 
rra似-cinnamic acid (Rf= 0.82) (Table 3.36) was similar as compared with one of the 
spot (Rf= 0.82) (Table 3.35) in the ethyl acetate subfraction of Aa, with both showing 
positive result in the Barton's test and negative result in the FeCls test,they might have 
a common aromatic ring structure. 
Concerning the spots with Rf = 0.90 of the dichloromethane and ethyl acetate 
subfraction of Aa (Table 3.35), although they showed similar Rf with both quercetin 
and catechol (Table 3.36), the color of them visualized in the FeCh test was 
different. Therefore, although the polarities of these spots were similar with quercetin 
and catechol, their structure especially the possession of the number of hydroxyl 
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groups were different. In the DPPH test, the spots with Rf = 0.90 of the 
dichloromethane and ethyl acetate subfraction of Aa showed positive result indicated 
the phenolic compound could exert scavenging activity. 
Concerning the butanol subfraction of Aa mushroom, three spots showed positive 
result in the FeCls test which indicated the possession of a single hydroxyl group 
other than di- or tri-hydroxyl groups. Positive result was shown for these spots in the 
D P P H test demonstrating the possession of antioxidant activity for the components of 
these spots. However, no antioxidant standard could match with the three spots in the 
butanol subfraction of Aa mushroom by using both of the Rf values and color in the 
FeCls test. 
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Table 3.35: The Rf value of the chemical components of the subfractions of the 
methanol crude extract of Aa and Pevf mushroom detected in TLC plate with a 
solvent system of ethyl acetate-methanol-water (10:2:1; v/v/v) 
Rf 
Subfractions UV Barton's reagent FeCls Antioxidant 
at 365nm (FeClj- test 
K3Fe(CN)6) (0.4mM DPPH) 
Pev/-dichloromethane 0.08 0.08 0.91 (brown) 0.23 





；Pei^ 巧tSyl acetate 0:T0 076 0.84(brown) 0.25 
0.76 0.84 0.59 
0.84 0.90 0.63 
0.90 0,84 
P e i / S u t a n o l 0:13 0.16 0.80(brown) 0.26 
0.16 0.26 0.41 
0.26 0.80 0.65 
0.41 0.80 
0.80 
AA-dichloromethane 07l4 0.76 0.90(brown) 0.2S> 
0.76 0.79 0.59 
0.79 0.84 0.63 
0.84 0.90 0.90 
0.90 
AA-EtAc 0:14—... 0.14 0.75(brown) 0.30 
0.32 0.32 0.90(brown) 0.44 
0.42 0.75 0.52 
0.54 0.82 0.60 
0.75 0.90 0.63 
0.82 0.67 
0.90 0:90 
AA-Butanol 0.07 0.07 0.65(brown) 0.32 
0.12 0.12 0.75(brown) 0.59 
0.17 0.17 0.88(brown) 0.65 
0.24 0.24 0.75 






— — — 一 _ 一 一 一 一 一一—一一——一一一一一一一——————一"" 
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Table 3.36: The Rf value of the standard phenolic antioxidant detected in TLC plate 
with a solvent system of ethyl acetate-methanol-water (10:2:1; v/v/v) 
Rf 
Antioxidant standards UV at 365nm FeCls 
chlorogenic acid 0.14 dark blue 
rutin 0.39 pale green 
gallic acid 0.63 blue violet 
syringic acid 0.68 brown 
sinapic acid 0.70 red 
protocatechuic acid 0.77 dark blue 
vanillic acid 0.78 brown 
femlic acid 0.80 brown 
caffeic acid 0.81 dark blue 
fra似-Cinnamic acid 0.82 no color 
j9-coumaric acid 0.83 orange 
catechin 0.85 brown 
quercetin 0.90 dark green 
catechol 0.90 dark blue 
kaempferol 0.97 brown 
myricetin 0.97 brown 
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3.4.2 High performance liquid chromatography (HPLC) 
In Section 3.4.1, it was found that phenolic antioxidants might be present in the 
mushroom subfractions using TLC and chemical sprays. In this section, H P L C was 
used to characterize different components of the subfractions by comparing the 
retention time and U V spectra with 12 phenolic standards. The retention times of all 
chemical components in all the subfractions were ranged from 7.9 to 51.1 minutes, 
showing that the components were different in polarity (Table 3.37). Concerning 
different subfractions of the methanol crude extract for the same mushroom, 
compounds with different eluting time and wavelength of maximum U V absorbance 
(UV Xmax) were detected in different subfractions, showing that different compounds 
were presented in different subfractions. For example, the major components found in 
the ethyl acetate subfraction of Aa mushroom were eluted at 7.9, 14.0 and 31.0 
minutes while those presented in the butanol subfraction of Aa mushroom were eluted 
at 8.90 and 15.6 minutes. On the contrary, some common peaks were presented in 
different subfractions of the same or different mushrooms. For instance, both of the 
ethyl acetate and butanol subfractions of Pevf mushroom possessed the compounds 
eluted at 13.0 minutes with UV^ax at 242nm and 300nm, showing that the two 
subfractions might possessed the same compounds. However, the relative content of 
the compounds in the butanol subfraction of Aa or Pevf were relatively higher as 
compared with the ethyl acetate subfraction, suggesting that the proportion of this 
compound in the butanol subfraction was higher than that of the ethyl acetate 
subfraction. Also, a common peak with elution time at 31.0 minutes and U V ？^max at 
230nm and 280nm was present in both the dichloromethane and ethyl acetate 
subfraction of Aa and Pevf mushrooms, suggesting that common chemical 
components could be presented in different subfractions of different mushrooms. This 
indicated that chemical components with similar nature or even the same components 
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could be present in mushrooms of different genus. It might be because the secondary 
metabolites in different mushrooms were both derived mainly from the shikimic 
pathway which led to the production of some common metabolic products (Turner, 
1971). When comparing the compound eluted at 31.0 minute with the phenolic 
standards, both the retention time and the U V 入max of it were similar with those of 
"wm^-cinnamic acid, demonstrating that the polarity and U V absorption spectra of 
them were similar (Tables 3.37 and 3.38). In TLC analysis, the spot with Rf=0.82 in 
the ethyl acetate subfraction of Aa also showed similar Rf value with trans-cinnamic 
acid which supported the presence of a compound with polarity and U V absorption 
spectra similar with rraw^-cinnamic acid in this subfraction (Tables 3.35 and 3.36). In 
order to obtain more information to support this finding, liquid chromatography-mass 
spectrometry (LC-MS) were used to get more structural information for the 
fractionated subfractions and this would be discussed in the later section. 
Moreover, the retention time of some other chemical components in some 
subfractions were similar with some phenolic standards, such as the compound eluted 
at 15.6 minutes of the butanol subfraction of Aa mushroom showed similar retention 
time with both caffeic acid and vanillic acid (Tables 3.37 and 3.38). However, the U V 
？^max of the compound was different as compared with caffeic and vanillic acids, 
showing that this compound was different from caffeic and vanillic acids but their 
polarities were similar. For the compound eluted at 19.9 minutes of the ethyl acetate 
subfraction of Fevf mushroom, it had similar retention time and U V ？^max as compared 
with the ；^-coumaric acid. However, although a spot with Rf = 0.84 of the ethyl acetate 
subfraction of Pevf mushroom was also similar with the Rf value of -coumaric acid 
in TLC analysis (Section 3.4.1), the FeCh test showed that the number of hydroxyl 
group of the spot was different from that of -coumaric acid, showing that they might 
not be the same compound (Tables 3.35 and 3.36). As the other nine phenolic 
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standards had different retention times and U V 人max compared with those of the 
chemical components in all other subfractions, it might be necessary to use more 
phenolic standards for the characterization of antioxidants in the subfractions in the 
future. 
Concerning the water subfractions of Aa and Pevf mushroom, no major peaks 
were detected in their H P L C chromatograms (Table 3.37). It might be because the 
amount of phenolic compound presented in the two subfractions were too low as 
indicated the low total phenolic content of these two subfractions determined earlier 
in the Folin-Ciocalteu method in Section 3.2.3.1. 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.5 Chromatographic and spectrometric characterization of the 
fractionated subfractions of the ethyl acetate and butanol 
subfractions of Aa mushroom 
3.5.1 High performance liquid chromatography (HPLC) 
The ethyl acetate and butanol subfractions as well as their fractionated 
subfractions of Aa mushroom were analyzed using HPLC. The conditions used in here 
were different from the analysis of the subfractions of the methanol crude extract of 
Aa and Pevf mushrooms in section 3.4 with some modifications. First, the U V 
detector was now monitored wavelengths of 280, 310 and 365nm instead of 260, 280 
and 310 n m since 260nm seemed to be not suitable for the detection of the chemical 
components in the ethyl acetate and butanol subfractions of Aa (Table 3.37). The 
second modification was the prolonging of the elution profile from 62 to 102 minutes 
for better separation of chemical components in the subfractions. 
From the result, there were 24 and 12 major chemical components, with relative 
amount of peak area higher than 3%, found in the ethyl acetate and butanol 
subfractions of Aa mushroom, respectively (Table 3.39), indicated the subfractions 
were composed of a mixture of more than ten components. For the fractionated 
subfractions of the ethyl acetate and butanol subfractions of Aa mushroom, only 2 to 9 
major chemical components (Table 3.40), with relative amount of peak area higher 
than 4 % were found, suggesting that the fractionation of subfractions were effective. 
For example, the relative amount of chemical components eluted at 96.8 and 98.9 
minutes in the ethyl acetate subfraction ofAa (Table 3.39) was increased from 24.5% 
and 6.17% to 72.7% and 18.7%, respectively, in the AEFl subfraction (Table 3.40) 
under the wavelength of 365nm. Similarly, the chemical component eluted at 96.8 
minutes in the butanol subfraction ofAa (7.12% at 人=365nm ) (Table 3.39) was also 
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found in the ABFl subfraction with a higher relative amount (35.1% at X二365nm ) 
(Table 3.40). 
The early eluted fractions from the Sephadex LH-20 column consisted of 
chemical components with longer retention time for the fractionated subfractions of 
both ethyl acetate and butanol subfractions (Table 3.40). For instance, AEFl had 
chemical components eluted at 96.8 to 99.6 minutes while the chemical components 
in ABFl and ABF2 had relatively longer retention time ranged from 89.9 to 101 
minutes. This illustrated that the early eluted fractions from Sephadex LH-20 column 
were composed mainly of relatively non-polar compounds. On the contrary, the AEF3, 
AEF4, and ABF4 subfractions consisted of chemical components eluted at 12.0 to 
52.5 minutes, showing that these subfractions were composed mainly of relatively 
polar compounds (Table 3.40). The above findings indicated that, the chemical 
components in the ethyl acetate and butanol subfractions of Aa mushroom were 
separated in mode of normal phased chromatography rather than reversed-phase 
chromatography during column fractionation when methanol was used as solvent 
(Henke, 1995b) (Section 1.4.3). 
The AEFl, ABFl and ABF2 possessed the lowest antioxidant activity and total 
phenolic content (Sections 3.3.2 and 3.3.3). They also only showed 2 to 4 major 
chemical components (relative amount of peak area > 4%), which were less than that 
of the other fractionated subfractions, with relatively high retention time (>89.9 
minutes). It could be suggested that the AEFl, ABFl and ABF2 subfractions were 
composed of a mixture of a few phenolic compounds and the chemical components in 
these subfractions with relatively high retention time and low polarity were not 
effective antioxidant compounds. In contrast, the AEF2, AEF3, AEF4 and ABF4 were 
a mixture of 5 to 9 major chemical components (relative amount of peak area > 4%). 
Since these subfractions showed potent antioxidant activity for radical scavenging and 
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inhibition of LDL oxidation as well as the possession of high phenolic content, it 
could be proposed that the strong antioxidant activity and high phenolic content were 
contributed by the combination of a mixture of a large number of chemical 
components in these subfractions. 
Besides, some common chemical components were found in different 
fractionated subfractions belonged to the same parent subfraction or even different 
subfractions (Table 3.39). For example, the component eluted at 11.7 minutes in 
AEF2 were also found in AEF3 with the retention time at 12.0 minutes. Also, a 
component eluted at 96.8 minutes were found in both AEFl and ABFl subfractions. 
When comparing the retention time and U V X^ ax of the fractionated subfractions 
with the phenolic standards, the chemical component eluted at 27.7 minutes showed 
similar U V Xmax with that of ；?-coumaric acid which was eluted at 28.2 minutes, 
suggesting that it might have similar U V absorption characteristics with ；?-coumaric 
acid (Tables 3.39 and 3.40). However, the polarity between this component and 
；7-coumaric acid was slightly differenct as their retention times were different. On the 
other hand, the compounds eluted at 52.5 minutes for AEF2 and AEF3 had similar 
retention time and U V 人max with rra似-ci皿amic acid, suggesting that they were 
compounds with similar polarity and U V absorption property. As cinnamic acid and 
its derivatives showed a strong U V 入max at 277nm according to Swatsitang et al. 
(2000), the compounds eluted at 52.5 minutes for AEF2 and AEF3 was probably 
rm似-cinnamic acid or its derivatives. Confirmation of their similarity in mass 
spectrum would be discussed in details in the following section (3.5.2). 
According to Waterman and Mole (1994c), the benzene ring system found in 
simple phenolic compounds absorbed U V between 260-280nm. Some chemical 
components in the fractionated subfractions of 乂a mushroom also showed this 
property, such as the component eluted at 25.3 minutes of AEF2 had a U V >.max of 
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267nm (Table 3.40). It was possible for this component to be a simple phenolic 
compound with a benzene ring. Besides, concerning the U V 人max of the chemical 
components of the fractionated subfractions, some of them showed two U V X^ax 
between 250-325nm, which was the characteristics of some simple phenolic aldehyde 
and acids which were derivatives of benzoic acid (Waterman and Mole, 1994c). For 
example, the component eluted at 14.9 for AEF2 showed two U V Xmax at 265 and 
297nm (Table 3.40), showing that it might be simple phenolic aldehyde and acids 
other than derivatives of cinnamic acids. For the U V absorption property of 
flavanones and flavanols, they possessed a main U V ；^歸乂 between 270-295nm with a 
small secondary U V X^ max between 310-350nm (Waterman and Mole, 1994c). These 
U V ？^max were observed in the chemical components eluted 15.5 and 18.4 minutes for 
the ABF4 (Table 3.40), suggesting that this component might be a flavanones and 
flavanols. Since the U V 入max of different components in each subfraction were 
different, it was possible for the presence of a mixture of different types of phenolic 
compounds in the subfractions. Nevertheless, the specificity of using U V 入max or U V 
spectra was not high enough for the identification of phenolic compounds as the U V 
spectra would be altered by many factors such as the use of solvent and pH and the 
presence of functional group (Waterman and Mole, 1994c). Although some different 
types of phenolic compounds showed similar U V spectra, there was no systemic 
structural identification technique for the classification of different phenolic 
compounds based on U V spectra alone. Therefore, liquid c h r o m a t o graphy-mass 
spectrometry would be a useful technique for exploring more structural information of 
the fractionated subfractions. 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.5.2 Liquid chromatography- Mass spectrometry (LC-MS) 
In LC-MS, by comparing the mass to charge ratio (m/z) of the mass fragments of 
the phenolic standards with the fractionated subfractions, the information concerning 
the structure of the chemical components in the subfractions could be found. In this 
project, electrospray ionization (ESI) was used in the mass spectrometry coupling 
with HPLC for the simultaneous separation and characterization of the fractionated 
subfractions. It was considered as one of the most powerful techniques for the 
analysis of phenolic compounds (Perez-Magarino et al., 1999). Also, Ryan et al 
(1999) proposed that phenolic compounds would be detected with greater sensitivity 
in the negative ion mode in L C M S and therefore this mode of ionization was selected 
in this study. 
Concerning the mass spectrum, the retention time and the U V 入max within 
fractionated subfractions, some chemical components with similar characteristics 
were found. For example, the compounds eluted at 52.5 minutes for AEF2 and AEF3 
showed similar characteristics (Table 3.40). Besides, the compound eluted at 19.9 
minutes for AEF2 and that eluted at 20.0 minute for ABF4 also showed similar 
retention time, UVXmax and main ion fragments with m/z 119, 147 and 179. As a 
result, some common components might be present in different fractionated 
subfractions. However, the main ion fragment with m/z at 125 was presented in the 
compound eluted at 19.9 for AEF2 but was absent in the compound eluted at 
20.0minute for ABF4. This might be because there was not a single compound but a 
mixture of different compounds eluted at 19.9 to 20.0 minutes even after 
chromatographic separation by the reversed-phase column in LC. 
On the other hand, some compounds with different retention time and UVXmax 
showed similar ion fragments with different relative abundance. For example, the 
compounds eluted at 27.6 and 31.1 minutes of AEF3 and the compounds eluted at 
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16.7 minutes of AEF4 showed mass fragment ions with m/z 179 and 119 although 
their retention times and UVImax were different (Table 3.40). It might be because 
different compounds of similar type possessed similar mass fragment ions. 
Concerning the fragmentation pattern of phenolic standards, several types of 
common negative ion were formed. They were the deprotonated molecular ion [M-H]', 
mass fragment ion with the loss of a carboxylic group [M-45]", mass fragment ion 
with the loss of a hydroxyl group [M-17]" or mass fragment ion with the loss of an 
aldehyde group [M-30]" (Perez-Magarino et al., 1999). Also, the mass fragment ion 
with the loss of a carboxylic group plus the CH3 of the methoxyl group [M-60]" was 
also a common fragment ion for the methoxy derivatives of cinnamic acid, such as 
femlic acid (Swatsitange et al. 2000). In Table 3.41, most of the phenolic standards 
had the deprotonated molecular ion as the most abundant negative ion formed under 
cone voltage (fragmentor voltage) of 120V except the vanillic acid and chlorogenic 
acid. The vanillic acid had its mass fragment ion with the loss of a carboxylic group 
(m/z 123) as the most abundant ion. The chlorogenic add, with molecular mass of 
354, showed two major mass fragment ions with m/z 135 and 191. 
When comparing the mass spectrum, retention time and U V Xmax between 
fractionated subfractions and phenolic standards, the compounds eluted at 52.5 
minutes of AEF2 and AEF3 showed similar characteristics with that of 
trans-cinmimic acid, showing that these compounds might possess similar structure 
with trans-cinnamic acid (Figure 1.3f), which consisted of an aromatic ring and a 
carboxylic group linked by a C=C double bond in trans configuration (Tables 3.40 
and 3.41). This compound was shown to be present in the Basidiomycetes such as 
Lentinus lepideus as a secondary metabolite and also served as an intermediate for the 
biosynthesis of flavonoids (Power et al, 1965) (Section 1.2.3). Therefore, it was also 
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possible for the presence of cinnamic acid in AEF2 and AEF3 which served as an 
intermediate compound for flavonoid synthesis. 
Besides, some common main ions were present in some of the fractionated 
subfractions and phenolic standards. For example, the molecular ion and the [M-45^" 
ion of caffeic acid with m/z 179 and 135, respectively, were presented as the most 
abundant main ions in the chemical component eluted at 15.9 minutes of AEF2 
(Tables 3.40 and 3.41). This showed that the chemical component in AEF2 might 
possess similar fragments with caffeic acid. Also, the molecular ion and the [M-45]" 
ion of sinapic acid with m/z 203 and 179, respectively, were presented in the other 
chemical component eluted at 11.7 minutes of AEF2, suggesting the presence of 
similar fragments as sinapic acid. 
Generally, there were many major ion fragments present in the chemical 
components of the fractionated subfractions, most of them could not be matched 
exactly with the phenolic standards, suggesting that each eluted component might be a 
mixture of compounds, or phenolic compounds with relatively complex structure than 
simple phenolics, or even some novel phenolics. However, some ion fragments of the 
phenolic standards were similar with that of the chemical components of the 
fractionated subfractions, accompanying with the U V Xmax and total phenolic content, 
suggesting that a mixture of compounds with phenolic nature was possibly present in 
the mushroom subfractions. 
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CHAPTER 4: CONCLUSIONS 
In the small-scale extraction, most of the 14 selected mushrooms exhibited a 
strong antioxidant activity in terms of inhibition of beta-carotene bleaching, D P P H 
radical scavenging and inhibition of erythrocyte hemolysis. In general, the increase in 
concentration of the mushroom extracts led to an increase in antioxidant activity in the 
three different assays. 
In general, both the methanol and water crude extract of the mushrooms showed 
strong inhibition of the coupled oxidation of beta-carotene and linoleic acid with the 
water crude extract exhibited higher antioxidant potency. The water crude extract of 
all of the selected mushrooms showed strong inhibition of erythrocyte hemolysis 
while the methanol crude extract of all mushrooms (except Pe, Pab, Fv and Lg 
mushrooms) did not inhibit erythrocyte hemolysis (<20% inhibition). In contrast, the 
methanol crude extracts of most mushrooms showed relatively stronger D P P H radical 
scavenging activity than the water crude extracts. This suggested that the compounds 
in the methanol and water crude extracts of mushroom exhibited different degree of 
antioxidant activity by different mechanisms. The antioxidants in the water crude 
extract of mushrooms showed high potency in scavenging of peroxyl radicals 
generated in aqueous phase while those in the methanol crude extract of mushrooms 
exhibited strong scavenging effect of DPPH radical generated in organic medium. 
Among the 14 mushroom samples, the methanol and water crude extracts of 
Agrocybe aegerita var. albe {Aa) showed potent antioxidant activity in beta-carotene 
bleaching method while the methanol crude extract of this mushroom showed the 
strongest D P P H radical scavenging activity as indicated by its lowest EC50 value. The 
water crude extract of Pleurotus eryngii var. ferulae {Pevf) showed the strongest 
inhibition of erythrocyte hemolysis demonstrated by its lowest IC50 value. As a result, 
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Aa and Pevf mushrooms were selected for large-scale extraction and further 
evaluation of antioxidant activity. 
In the large-scale extraction and liquid-liquid partition of Aa and Pevf, different 
subfractions demonstrated different degree of antioxidant activity in different assays. 
In general, the subfractions of Aa showed higher antioxidant activity than those of 
Pevf. The ethyl acetate subfractions for both mushrooms were found to possess the 
most potent A B T S • + radical cation scavenging activity (p<0.05) and inhibition of 
lipid peroxidation (p<0.05), suggesting that the antioxidants in these two mushrooms 
had medium polarity. A moderate strong positive correlation was found between the 
total phenolic content with A B T S • + radical cation scavenging activity and inhibition 
of lipid peroxidation of Aa mushroom but not Pevf, indicating that the potent 
antioxidant activity of the ethyl acetate subfraction of Aa was due to the higher level 
of a mixture of phenolics, probably exerted by hydrogen donating mechanism. 
In general, the subfractions of the methanol crude extract showed stronger 
hydroxyl radical scavenging than the subfractions of the water crude extract for Aa as 
indicated by the EC40 value. On the contrary, the subfractions of water crude extract 
showed stronger hydroxyl radical scavenging than the methanol crude extract for Pevf, 
sussestins that mushrooms belonged to different genus possessed different 
antioxidants. The butanol and water subfractions of A a exhibited the most potent 
hydroxyl radical scavenging activity as indicated by their lowest E C 5 0 values, 
suggesting that the antioxidants in A a mushroom had relatively higher polarity. 
However no correlation was found between the total phenolic content and hydroxyl 
radical scavenging activity, indicating that phenolic compounds might not be the 
major components for hydroxyl radical scavenging. On the other hand, a slight 
positive correlation was found between the hydroxyl radical scavenging activity and 
total carbohydrate content for the water crude extract and its subfractions of Aa, 
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suggesting carbohydrate possibly polysaccharides might be potential hydroxyl radical 
scavengers, but the mechanisms were not well understood. 
As the high antioxidant activity of the ethyl acetate and butanol subfractions of 
Aa was found to be positively correlated to the total phenolic content, the two 
subfractions were selected for column fractionation to give AEFs and ABFs for 
further evaluation of their antioxidant activity. Correlations were found between the 
total phenolic content and the D P P H radical scavenging activity, A B T S • + radical 
cation scavenging activity as well as inhibition of L D L oxidation for the ethyl acetate 
and butanol subfractions of Aa as well as their fractionated subfractions. The 
fractionated subfractions of the ethyl acetate subfraction of Aa showed higher 
antioxidant activity than those of the butanol subfraction because of the higher level 
of phenolics present in general Results also showed that the AEF2, AEF3, AEF4 and 
ABF4 subfractions exhibited potent D P P H radical and A B T S • + radical cation 
scavenging activity as well as inhibition of L D L oxidation, which were probably 
contributed by the presence of high level of low molecular weight phenolic 
compounds. The possible mechanisms of the potent antioxidant activity of these 
subfractions might be due to radical scavenging through hydrogen donation. The 
above findings showed that Aa mushroom might be a potential source of antioxidant 
to reduce the risk of atherosclerosis. 
In the chromatographic characterization of the subfractions of methanol crude 
extract of Aa and Fevfusing TLC and HPLC, a mixture of different types of phenolics 
were found, suggesting that the potent antioxidant activity of the subfractions might 
be due to the combining antioxidative effect of them. Some of them might be 
phenolics with one or more than three hydroxyl groups. One of them had similar 
polarity and UV入max with trans-cinnamic acid, the intermediate compound for 
flavonoid synthesis in some fungi. 
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In the characterization of the fractionated subfractions of Aa by H P L C and 
LC-MS, a mixture of medium to high polarity phenolic compounds were found in 
AEF2, AEF3, AEF4 and ABF4 subfractions, with a combining effect contributing to 
the potent antioxidant activity of the subfractions. One of the components in AEF2 
and AEF3 had similar ion fragments, U V ？^max and retention time with those of 
trans-cirmsimic acid, suggesting they had similar structure. Two components in AEF2 
showed similar ion fragments with caffeic acid and sinapic acid, suggesting a similar 
chemical structures. 
Concerning the further study of the project, although the potent antioxidant 
activity of the fractionated subfractions of Aa mushroom were contributed by a 
mixture of different phenolics, in order to consolidate the above findings of tentative 
characterization of antioxidants, further purification to separate and isolate the major 
components in the fractionated subfractions by column chromatography is necessary. 
After obtaining the pure compounds in the subfractions, the structural elucidation by 
the spectroscopic techniques, nuclear magnetic resonance (NMR) spectroscopy, is 
required to find out the chemical structure of the pure compounds. Also, the 
antioxidant activity of each pure compound should be evaluated to find out which 
compound is the most potent antioxidant in the mushroom. The ultimate goal of the 
future works is to have an in-depth study concerning the mechanisms of mushroom 
antioxidant in regard to lipid peroxidation and related degenerative diseases such as 
atherosclerosis. 
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